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Plant physiology 
DYNAMICS OF NUTRIENT UPTAKE 
AND ABOYEGROUND PHYTOMASS 
IN SOME WINTER WHEAT VARIETIES 
AT MAJOR GROWING SITES OF HUNGARY 
G Y . BLCZÓK, В. L Á S Z T I T Y * and M. RuDA ** 
I N S T I T U T E O F ECOLOGY A N D B O T A N Y OF T H E H U N G A R I A N A C A D E M Y OF SCIENCES, 
VÁCRÁTÓT, H U N G A R Y 
(Received: 28 Feb rua ry 1986) 
The dynamic characteristics of aboveground dry m a t t e r yield formation and 
nutrient accumulation in some commercially produced early and medium early winter 
wheat varieties were studied on the basis of observations m a d e on large-scale farms. 
The great bulk of phenodynamic data on t he aboveground pbytomass, the accumula-
tion of phosphorus and potassium, and all their visible characteristics can be sum-
marized without loss of any information b y using the two-subcompartment model. 
The new method of evaluation relying on the simulation f igures and the numerical 
values of the model parameters is more comprehensible a n d leads to the following 
conclusions: 
— the differences between early and medium-early winter wheat varieties in 
the process of shoot production and nutr ient (P, K) accumulation are expressed partic-
ularly in the earlier acceleration and earlier maximum of accumulation in t he early 
varieties; 
— the time functions for shoot mass and nutrient accumulation can be placed 
in two groups irrespective of the matur i ty group: in the r e f lux and reflux-free type 
of phenodynamics, respectively; 
— the dynamics of phosphorus accumulation shows similarity to the course of 
dry mat ter formation more often and to a greater extent t h a n does the dynamics of 
potassium accumulation; 
— it can be demonstrated that t he ref lux character of dynamics, most ly con-
comitant with an increased level of K-supply, strengthens in the component turnover 
of winter wheat shoots in the order of d ry matter format ion , P-accumulation and 
K-accumulation; 
— the reflux type character of phenodynamics of t h e potassium quant i t ies in 
plants — due to the physiologically active form of potassium — is a function of pre-
cipitation conditions in the period following flowering, and also a feature characteristic 
of variety and agro-ecological district; 
— the medium and above-medium level of potassium supply in the soil promotes 
a more f requent occurrence of reflux type dynamics; 
— in this way, and considering i ts extent, the potassium reflux eanuc t he 
neglected when adjusting t he potassium supply of soil to t he phenophases of win-
ter wheat. 
Keywords: Winter-wheat , nutrient up take , dry m a t t e r accumulation. 
* Research Insti tute for Soil Science and Agricultural Chemistry of the Hungar ian 
Academy of Sciences, Budapest, Hungary . 
** Computer and Automation Institute of the Hungarian Academy of Sciences, Buda-
pest, Hungary. 
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Introduction 
The ana lys i s of n u t r i e n t accumula t ion in plants is a classical b u t in-
var iab ly i m p o r t a n t field of p l a n t nu t r i t i on research. A precondi t ion of dis-
covering t h e t o t a l and per iodica l mineral e l e m e n t d e m a n d of the p lan t is t o 
measure t h e n u t r i e n t u p t a k e as accura te ly as possible a n d to describe t h e 
d y n a m i c rules of nu t r ien t accumula t ion . A detailed e x a m i n a t i o n of m i n e r a l 
accumula t ion u n d e r various agro-ecological (climatic, soil- , etc.) cond i t ions 
helps in cont ro l l ing — and poss ibly p l a n n i n g t h e agro-ecological fac tors a n d 
the i r in te rac t ions according t o our plant g rowing object ives wi th a m i n i m u m 
of unforeseen h a r m f u l effects u p o n the e n v i r o n m e n t . 
As k n o w n f r o m m a n y publ icat ions , t h e nutr ient d e m a n d of t h e p l a n t 
var ies dur ing i t s different p h a s e s of d e v e l o p m e n t (Knowles a n d Watk in 1931, 
P r imos t 1965, Kieese et al. 1968, Czuba 1969, Page et a l . 1977, K á d á r a n d 
Lász t i ty 1979). 
Studies on t h e n u t r i e n t u p t a k e of w i n t e r wheat s t a r t e d in H u n g a r y 
— af te r foreign examples — as early as t h e beginning of t h i s cen tury ( A d o r j á n 
1902). Since t h e n research o n this sub j ec t , f rom d i f f e ren t points of v i e w 
depending on t h e agro-ecological condit ions, has ex tended a n d deepened all 
over the world . T h e range of n u t r i e n t e l emen t s studied h a s gradual ly w i d e n e d 
w i th the i m p r o v e m e n t of ana ly t i ca l m e t h o d s (Carpenter e t al. 1952, Coic 
1956, Láng 1960, Sarkadi 1966, Gregory e t al. 1979, K a r l e n and W h i t n e y 
1980, Lász t i ty 1982). The s i tes of sample collecting range f r o m water c u l t u r e 
t h r o u g h cu l tu re pot- and f i e ld exper iments t o commercial crop fields (Curie 
1969, Debreczeni 1971, E lek a n d K á d á r 1978, Lász t i ty a n d Kádár 1978, 
Lász t i ty et al. 1981, Sebes tyén et al. 1982). I n the present work we a t t e m p t 
t o evaluate s o m e newly d iscovered p h e n o m e n a of n u t r i e n t p h en o d y n amics 
re lying on t h e resul t s of obse rva t ions made u n d e r large-scale conditions. 
Mater ia l and m e t h o d s 
From 2500 m2 model areas of the commercial fields marked out fo r this purpose, p l an t 
samples with 5 replications for each were taken in 1979 on 5 dates (and in 1978 in the Mező-
föld* on 11 dates) in the phenophases of tillering, shooting, earing, f lowering and full ma tu r i t y . 
Each sample contained the whole aboveground phy tomass of 4 runn ing metres. After the 
material had been dried and weighed the most impor tan t 12 nutrient elements were analysed, 
of which the accumulation of phosphorus and potassium is dealt with in this paper. 
The winter wheat varieties included in the experiment are listed in Table 1, together 
with the sites of sample taking a n d their major characteristics. The capital letters m e a n : 
A = dry-cool, В = dry-warm, D = humid-warm. T h e designations for the climatic t ype of 
year were determined on the basis of the available hea t sums of M a y - J u n e , rainfall a m o u n t s 
of April-May, and of the soil types in the respective agroecological distr icts , as published in 
the report of the Interdepartmental Committee t h a t assessed the agroecological potent ia l 
* Plain in Transdanubia along the Danube. 
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Tabic 1 
Major characteristics of model areas in crop fields 
Agro-ecological 
district Code 
Climatic 
type 
of year 
Growing 
site type 
humus 
Nutrient status of soi 
phosphorus potassium 
— Variety 
Lower Tisza region 8 (1 ) A IV good good very good Jubilejnaja 50 
Lower Tisza region 8 (2 ) A HI medium very good medium Jubilejnaja 50 
Mezőföld 4 (1 ) D I very good very good medium Jubilejnaja 50 
Mezőföld 4 (2 ) D I very good good medium Jubilejnaja 50 
Tolna-Baranya hill-country 23 (1) В I good very good very good Jubilejnaja 50 
Tolna-Baranya hill-country 23 (2) В H good good medium Jubilejnaja 50 
Dunamenti Plain 1 (2) 
В 
I N good very good very poor Jubilejnaja 50 
Dunamenti Plain 1(3) В n i medium good poor Jubilejnaja 50 
Dunamenti Plain 1 (1 ) В n i medium medium poor Ns. Rana 2 
Sopron-Vas Plain 18 (1) В и good medium medium Jubilejnaja 50 
Sopron-Vas Plain 18 (2) В HI poor good medium Jubilejnaja 50 
Sopron-Vas Plain 18 (3) В II good medium good GK-3 
Hajdúság 11 В I good poor good Partizánka 
Berettyó-Körös—region 12 В I good good good Jubilejnaja 50 
Duna-Tisza Interfluve table-land 2 В I good medium good Ns. Rana 2 
Central Tisza region 7 В i n good very good good Ns. Rana 2 
Subalpine-region 17 В и good good good Rannaja 12 
Bácska Table-land 3(1) А I medium good very good Száva 
Bácska Table-land 3 (2 ) А I good good medium Száva 
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(Láng 1980). The categories of the soil nutrient s ta tus and the growing site types we set up 
on the basis of centrally f ixed and nationally accepted limit values (Debreczeni 1979). The 
dynamics of nutr ient uptake was studied with t he aid of a phenoinenological model (Békésy 
et al. 1982). The model was verified in several experiments and by a bulk of data on measure-
ment in many commercial fields (Biczók et al. 1982a, Lásztity et al. 1982), and the results 
of its comparison with the Richards-, Milscherlich-, Gompertz-Makcham- and Janoschek-models 
are also known (Biczók et al. 1982b). 
The model describes the component turnover of the shoot-soil compartment of the soil 
plant-atmosphere system. I t contains two subcompartments, so the accumulation i n t / d a y s i s : 
1 + e -bi(t-t,) 1 + e -Si(t-t.) 
where i is an index for the characteristic to be examined; Л,- a sa tura t ion value, the va lue of 
maximum accumulation, which in a given environment is proport ionate to the genetic poten-
tial. Ri is the to ta l reflux; t h a t is, the amount of nutr ient returning into the soil in t he cours 
of senescence. The t is an independent variable representing the t ime in days from sowing the 
parameter t„ is the inflexion poin t of accumulation, a phenologically hidden starting point of 
time of the generative development; ts is a funct ion parameter, t he inflexion point of reflux. 
The parameter 6; is the acceleration of uptake, and/or a quant i ty related with the buffer 
capacity of the nutrient e lement; while s,- is the extent of acceleration or retardation of the 
loss of nutr ient induced by senescence. Since the very reason of using the two compar tment 
model in this paper is to provide concise information, we are passing over expounding it in 
detail. At tent ion is, however, called to the fac t t h a t the key for the concentrated fo rm of 
information is the real biological meaning of the model parameters. The time curves of com-
ponent accumulation were d rawn from measured d a t a — on the basis of this model w i th the 
help of a non-linear regression programme system produced for th is special purpose (Biczók 
et al. 1982c), and placed at t he users' disposal in the computer centre of the Computer and 
Automation Inst i tute of the Hungar ian Academy of Sciences, on the IBM 3031 system, together 
with data of the 20 most impor tan t field crops. The analyses of nu t r ien t uptake were organized 
by the MEM NAK and carried out in its laboratories. 
R e s u l t s 
T h e p a r a m e t e r s of t h e m o d e l a p p l i e d a r e c o n t a i n e d i n T a b l e 2. T o m a k e 
a c o m p a r a t i v e a n a l y s i s p o s s i b l e t h e r e l a t i o n s b e t w e e n e a r l y ( R a n n a j a 12, 
N o v o s a d s k a R a n a 2 a n d S z á v a ) a n d m e d i u m - e a r l y ( J u b i l e j n a j a 5 0 , G K - 3 , 
P a r t i z á n k a ) w i n t e r w h e a t v a r i e t i e s , a n d a n u m b e r of g r o w i n g s i te t y p e s w e r e 
s t u d i e d w i t h i n a r a n g e o f a g r o - e c o l o g i c a l c o n d i t i o n s c h a r a c t e r i s t i c o f H u n -
g a r y ( T a b l e 1) . 
F i g u r e 1 s h o w s t h e c h a r a c t e r i s t i c s o f d r y m a t t e r a c c u m u l a t i o n i n t h e 
v a r i e t y J u b i l e j n a j a 50 a t g r o w i n g s i te t y p e s of d i f f e r e n t q u a l i t y a n d i n v a r i o u s 
a g r o - e c o l o g i c a l d i s t r i c t s . I n t h e f i g u r e s t h e s i t e of s a m p l e t a k i n g is m a r k e d 
w i t h a n u m b e r p u t i n b r a c k e t s a f t e r t h e n u m b e r s of t h e a g r o - e c o l o g i c a l d i s -
t r i c t s i n d i c a t e d i n T a b l e 1 . 
I t c a n b e seen t h a t t h e a b o v e g r o u n d p h y t o m a s s a t g r o w i n g s i t e t y p e I 
r e a c h e s i t s m a x i m u m of f u l l m a t u r i t y a t t h e (12) p o i n t o f o b s e r v a t i o n . A t g r o w -
i n g s i t e t y p e I I i t is a g a i n i n f u l l m a t u r i t y (23/2) o r e a r l i e r t h a n t h i s ( 18 /1 ) 
— d e p e n d i n g o n t h e a g r o - e c o l o g i c a l d i s t r i c t — t h a t t h e d r y m a t t e r p r o d u c -
t i o n of s h o o t s c u l m i n a t e s . A t g r o w i n g s i t e s t y p e I I I a n d I V in t h e o b s e r v a t i o n 
p l a c e (8/1/) a n d (8/2/) — t h e h i g h e s t v a l u e of a b o v e g r o u n d p h y t o m a s s of 
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Table 
Parameters of the model 
Code number of 
sampling site Ai Ri bi •г S 
8 ( 1 ) D. mat . 2 3 . 8 4 0 1 4 . 3 5 6 0 . 0 8 0 1 9 8 . 6 7 0 . 1 1 6 2 1 7 . 9 1 
P 4 7 . 5 0 2 3 1 . 3 2 9 0 . 0 8 0 1 8 7 . 4 6 0 . 2 4 9 2 2 0 . 4 2 
К 4 9 7 . 0 6 0 4 5 0 . 3 1 0 0 . 0 8 0 1 8 3 . 0 0 0 . 1 6 1 2 2 2 . 6 9 
8 ( 2 ) D. ma t . 1 8 . 3 5 9 6 . 3 0 4 0 . 0 8 0 2 0 0 . 0 2 0 . 2 7 7 2 5 0 . 2 7 
P 3 4 . 3 7 1 1 8 . 7 5 3 0 . 0 8 0 1 9 2 . 2 2 0 . 6 9 6 2 2 9 . 5 1 
К 5 2 8 . 2 1 4 4 8 . 7 8 0 . 0 8 0 1 9 2 . 4 8 0 . 1 2 8 2 3 0 . 1 6 
1 8 ( 1 ) D. mat . 9 . 7 6 5 1 . 5 7 2 0 . 0 8 0 2 1 2 . 6 6 0 . 5 0 6 2 6 1 . 7 9 
P 6 8 . 1 5 3 4 3 . 1 4 5 0 . 0 8 0 2 0 9 . 6 6 0 . 7 3 1 2 3 3 . 8 4 
К 1 8 4 . 5 8 1 5 4 . 5 8 0 . 0 8 0 2 0 4 . 4 4 0 . 7 2 2 2 3 3 . 5 6 
1 7 D. mat . 8 . 2 4 3 . 2 1 3 0 . 0 7 4 2 1 4 . 4 7 0 . 3 3 3 2 6 0 . 3 9 
P 2 6 . 1 8 3 1 2 . 7 6 8 0 . 0 8 0 1 9 9 . 1 8 0 . 0 9 3 2 4 0 . 5 3 
К 7 3 . 7 8 8 5 9 . 0 0 6 0 . 0 8 0 1 9 3 . 7 5 0 . 1 8 1 2 3 0 . 5 2 
1 8 ( 2 ) D. mat . 1 1 . 7 1 7 5 . 2 0 9 0 . 0 8 0 2 0 5 . 3 2 0 . 3 5 7 2 5 4 . 0 5 
P 5 1 . 8 9 1 3 1 . 2 3 5 0 . 0 8 0 1 9 6 . 6 0 . 1 9 7 2 4 6 . 6 7 
К 3 5 1 . 8 1 3 3 4 . 8 8 0 . 0 8 0 2 0 0 . 8 2 0 . 1 5 1 2 3 2 . 7 0 
1 8 ( 3 ) D. mat . 9 . 7 6 4 3 . 3 3 5 0 . 0 8 0 2 1 4 . 0 2 0 . 2 1 6 2 6 7 . 9 3 
P 3 7 . 7 7 6 1 5 . 5 7 3 0 . 0 8 0 2 0 6 . 2 5 0 . 1 3 0 2 5 9 . 1 9 
К 2 0 1 . 2 2 1 8 8 . 7 9 0 . 0 8 0 2 0 6 . 4 0 0 . 3 6 3 2 3 5 . 2 3 
1 2 D. mat . 1 3 . 1 0 1 - 0 . 0 7 7 2 1 1 . 8 0 
P 7 0 . 9 4 8 — 0 . 0 4 5 2 5 4 . 3 6 — 
К 2 1 0 . 2 4 1 6 1 . 2 2 0 . 0 8 0 2 0 1 . 5 7 0 . 9 5 9 2 2 5 . 0 4 
7 D. mat . 1 6 . 4 6 3 — 0 . 0 7 8 2 2 7 . 6 9 — 
P 7 9 . 4 1 3 — 0 . 0 8 0 2 5 2 . 4 5 
К 1 3 4 . 2 5 — 0 . 0 6 6 2 0 1 . 9 8 — — 
1 1 D. mat . 1 1 . 6 3 4 — 0 . 0 7 1 2 1 6 . 7 6 
P 5 5 . 1 7 8 — 0 . 0 5 6 2 5 3 . 4 6 _ _ 
К 9 8 . 7 7 8 6 0 . 4 8 2 0 . 0 7 4 1 9 2 . 2 0 0 . 6 2 1 2 3 2 . 2 7 
2 D. mat . 1 9 . 2 0 1 9 . 6 1 6 0 . 0 7 3 2 3 3 . 9 0 0 . 5 4 0 2 5 0 . 6 3 
P 3 6 . 8 0 7 1 3 . 6 1 4 0 . 0 5 1 2 1 6 . 1 3 0 . 0 5 0 2 5 1 . 0 0 
К 2 6 9 . 7 7 1 9 0 . 4 0 0 . 0 5 2 2 1 3 . 9 4 0 . 9 9 9 2 4 9 . 7 7 
1 ( 1 ) D. mat . 9 . 5 6 6 — 0 . 0 7 8 2 1 7 . 9 9 
P 3 0 . 4 4 9 — 0 . 0 4 0 2 2 1 . 7 8 — 
К 1 6 4 . 5 0 9 2 . 2 9 0 0 . 0 8 0 2 0 2 . 7 2 0 . 2 3 2 2 3 5 . 6 6 
3 ( 1 ) D. mat . 1 0 . 1 1 9 — 0 . 0 7 3 2 1 3 . 1 6 
P 1 9 . 7 1 2 — 0 . 0 4 3 2 0 4 . 2 3 — — 
К 2 3 7 . 5 7 1 3 7 . 8 2 0 . 0 8 0 2 0 2 . 7 3 0 . 5 6 1 2 4 4 . 6 2 
3 ( 2 ) D. mat . 1 4 . 1 8 9 6 . 6 4 7 0 . 0 8 0 2 2 3 . 7 1 0 . 4 8 3 2 5 0 . 4 9 
P 4 0 . 5 6 6 2 3 . 4 2 3 0 . 0 8 0 2 1 9 . 6 9 0 . 2 2 8 2 4 3 . 7 3 
К 3 0 0 . 7 4 2 2 7 . 6 2 0 . 0 8 0 2 1 8 . 7 4 0 . 2 6 2 2 4 1 . 8 3 
2 3 ( 1 ) D. mat . 1 2 . 4 1 8 — 0 . 0 7 7 2 3 8 . 2 7 _ — 
P 4 5 . 7 2 1 — 0 . 0 7 4 2 3 6 . 9 2 — — 
К 8 3 . 1 0 4 — 0 . 0 7 9 2 0 9 . 4 3 — — 
2 3 ( 2 ) D. mat . 1 1 . 7 5 5 — 0 . 0 8 0 2 3 7 . 1 2 
P 4 3 . 1 5 6 — 0 . 0 7 9 2 3 4 . 6 7 — — 
К 7 6 . 4 6 2 5 6 . 3 7 6 0 . 0 8 0 2 1 5 . 0 8 0 . 2 7 2 2 5 5 . 2 1 
1 ( 2 ) D. mat . 1 2 . 9 9 7 — 0 . 0 8 0 2 3 9 . 1 3 — 
P 7 3 . 7 9 9 — 0 . 0 5 3 2 5 0 . 0 5 — — 
К 7 7 . 2 0 4 4 6 . 5 1 1 0 . 0 8 0 2 1 5 . 5 6 0 . 3 2 5 2 5 6 . 9 7 
1 ( 3 ) D. mat . 1 2 . 1 0 2 — 0 . 0 7 8 2 3 2 . 7 9 — 
P 3 8 . 0 9 5 — 0 . 0 5 0 2 2 0 . 9 5 — — 
К 1 4 5 . 9 5 1 1 5 . 8 3 0 . 0 7 8 2 1 9 . 3 5 о.:ш 2 5 7 . 8 7 
4 ( 1 ) D. mat . 1 1 . 2 7 3 — 0 . 0 3 2 2 6 5 . 1 7 - - — 
P 1 9 . 3 5 4 — 0 . 0 7 3 2 7 3 . 1 6 — — 
К 4 7 . 2 6 0 — 0 . 0 3 0 2 6 3 . 5 9 — — 
4 ( 2 ) D. mat . 1 0 . 4 9 6 — 0 . 0 3 5 2 6 3 . 0 3 — — 
P 1 8 . 8 5 7 — 0 . 0 7 2 2 7 2 . 2 5 — — 
К 6 1 . 3 6 7 
— 
0 . 0 3 3 2 6 6 . 6 9 -
— 
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Fig. 1. Curves for the phenodynamic character of aboveground d ry phytomass formation in 
the winter wheat var ie ty Jubi lejnaja 50 in various agro-ecological districts 
Fig. 2. Aboveground dry ma t t e r accumulation of medium-early winter wheat varieties at 
growing site I in different agro-ecological districts 
winter w h e a t appears in earlier phenophases , due to a re f lux in t h e given 
cropyear . 
These s t a t emen t s c a n h e regarded as of general v a l i d i t y only a f t e r fur -
t h e r de ta i led invest igat ions if at all. I n F igure 2 t h e resu l t s of a s t u d y of the 
effect of agro-ecological f a c to r s on t h e dynamics of d r y m a t t e r accumula t ion 
in a med ium-ear ly v a r i e t y a t growing s i te type I a re seen. The differences 
be tween agro-ecological d is t r ic ts in b o t h t h e amount a n d ra te of accumula -
t ion are r emarkab le , so m u c h so t h a t even t h e advan t ages of the more favour -
able ( h u m i d - w a r m , D) t y p e of c l imate in 1978 remain h id d en at po in t s (4/1/) 
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and (4/2/). At the s a m e time, w i t h i n t h e same agro-ecological d i s t r i c t (4/1/, 
4/2/), a n d in those n e a r to one a n o t h e r (11, 12) t h e P - s t a tus of t h e soil dif-
f e ren t i a t e s the to t a l d r y ma t t e r p r o d u c t i o n in the case of medium ea r ly winter 
whea t var iet ies (Tables 1 and 2). 
F igu re 3 shows t h e inf luence of the agro-ecological d is t r ic t a t the 
growing site type I I I of low p r o d u c t i v i t y as s tud ied again wi th t h e va r i e ty 
J u b i l e j n a j a 50. The descent of t h e cu rves clearly i nd i ca t e s t ha t t h e differences 
in q u a n t i t y and t h e re f lux processes of s tands (8/2/) and (18/2/) a re very 
p ronounced in t h e g iven phenophases . F u r t h e r m o r e , t h e agro-ecological dis-
t r ic t s show differences in the c h a r a c t e r of dynamics , m a d e all the m o r e remark-
Fig. 3. Aboveground d ry matter accumulation of medium-early winter wheat varieties at 
growing site I I I in different agro-ecological districts 
Fig. 4. Aboveground phenodynamics of dry matter product ion followed by reflux in early 
winter wheat varieties 
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Fig. 5. Pheiiodynamics of reflux-free dry matter production in early winter wheat varieties 
Fig. 6. Phenodynamical comparison of aboveground dry phytomass in medium-early and 
early winter wheat varieties 
able b y the fac t t h a t t h e level of P - supp ly , which o f t en is of g rea t impor tance 
for cereals, is u n i f o r m l y favourab le a t those po in t s . At the s a m e t ime, it is 
in te res t ing t h a t a t po in ts (8/2/) a n d (18/2/) the h ighe r intensi ty of d r y ma t t e r 
f o r m a t i o n seems t o re la te to a b e t t e r K-supply (Table 1). Here we call a t ten-
t i o n to another f a c t — to be seen l a t e r in the case of t h e other f ie lds —, namely 
t h a t t h e onset of r e f l u x — which is no th ing o t h e r t h a n the fu l f i l lmen t of the 
Ri > 0 condition is (a t a med ium or above -med ium level of P - s u p p l y ) linked 
w i t h a medium or above-med ium level of K - s u p p l y ; while in t h e case of a 
poor potass ium s t a t u s , it never occurs . 
In Figure 4 t h e dynamics of d r y ma t t e r accumula t ion in ea r l y varieties 
u n d e r different ecological condi t ions can be seen. As a result of r e f lux the 
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m a x i m a of accumula t ion fell t o t h e period preced ing full m a t u r i t y . The only 
differences a m o n g t h e districts appea red in t h e ra tes of r e f lux . 
The d y n a m i c s of dry m a t t e r accumula t ion in the ea r ly variet ies is re-
p resen ted for t h o s e agro-ecological districts t o o where r e f l u x did not occur , 
w h e r e b y the aboveground p h y t o m a s s reached i t s max imum a t t h e t ime of f u l l 
m a t u r i t y (Fig. 5). A remarkab le difference w a s found in t h e i n t ens i t y of accu-
mula t ion t h a t c a n he expla ined on the basis of t h e nu t r i en t s t a t u s categories 
of Table 1. Moreover , the d r y m a t t e r f o r m a t i o n followed t h e o rder of n u t r i e n t 
supp ly so s t r i c t ly t h a t even t h e influence of t h e site was oppressed . 
T h a t is h o w t h e decreasing order seen in Fig. 5: 7 (growing site t ype I I I ) , 
3/11 (growing s i te t ype I) a n d 1/1/ (growing s i t e type I I I ) deve loped . 
In F igure 6 t h e med ium-ea r ly winter w h e a t varieties a re compared w i t h 
t h e early ones a t growing s i t e s of the s a m e qual i ty and in agro-ecological 
d is t r ic ts near e a c h other. T h e f i g u r e shows t h e dynamics of d r y ma t t e r f o r m a -
t i o n wi th and w i t h o u t re f lux , depending on t h e district. T h e q u a n t i t a t i v e di f -
ferences a t p o i n t s (1/3/) a n d (1/1/) in the re f lux- f ree d y n a m i c s of the a b o v e -
g round p h y t o m a s s of the va r i e t i e s , as m e a s u r e d on the P l a in b y the D a n u b e , 
p r o b a b l y r e su l t ed f rom the d i f f e ren t levels of nutr ient s u p p l y . In two agro-
ecological d i s t r i c t s near each o t h e r in the w e s t e r n border land of H u n g a r y , t h e 
in tens ive phase of dry m a t t e r accumula t ion was followed b y re f lux . The e a r l y 
v a r i e t y R a n n a j a 12 (17) is p receded in deve lopment b y t h e med ium-ea r ly 
J u b i l e j n a j a 50 (18/1). This f a c t , though incons i s ten t wi th e i the r the g rowing 
si te types or t h e nutr ient s t a t u s categories, is not surpris ing when the A p r i l -
May a m o u n t of rainfall (105 m m ) in the f i e l d of J u b i l e j n a j a 50 is cons idered . 
I n the same p e r i o d of 1979, a y e a r of the d r y - w a r m cl imatic t y p e , R a n n a j a 12 
received a m e r e 30 mm of r a in f a l l . 
Since a n y fur ther ca lcu la t ion is b a s e d on dry m a t t e r yield d e t e r m i n a -
t ions , prior t o analysing t h e p h e n o d y n a m i c s of nutr ient u p t a k e let us e x a m i n e 
t h e a d e q u a c y of a model a d a p t a t i o n f r o m t h e c rop-product ion v i ewpo in t . 
On t h e i t e r a t i v e app rox ima t ion of the A j values, a h igher d r y a b o v e g r o u n d 
p h y t o m a s s y ie ld than e x p e c t e d on the bas is of the given c l ima t i c t ype of y e a r , 
genetic soil t y p e and agro-ecological d i s t r i c t was not f o u n d in 9 cases. I n t h e s e 
cases a ve ry close correlat ion, charac ter ized b y Bravais' corre la t ion coef f ic ien t 
of r = 0.925, c a n be poin ted o u t between t h e values of t h e t w o kinds of e s t i m a -
t ion . This m e a n s tha t the a g r e e m e n t b e t w e e n the forecas t ing methods app l i ed 
on assessing t h e agro-ecological po ten t ia l of Hungary ( L á n g et al. 1983) a n d 
t h e i t e ra t ive procedure is 8 5 . 6 % in 9; 7 5 . 6 % (r = 0.869), in 6; a n d 7 0 % 
(r = 0.837) in 4 cases. In t h e la t te r 6 a n d 4 cases our e s t i m a t e for t h e v a l u e 
of Ai was 5.8 and 14.5, t h a t is abou t 3 0 % higher, respect ively , t h a n t h e 
values o b t a i n e d by the m e t h o d cited. ( I n the course of t h e c o m p a r a t i v e 
analysis t h e grain/s traw r a t i o taken in to considerat ion w a s 1 : 1 for t h e ear ly 
a n d 1 : 1.2 f o r t h e med ium-ea r ly winter w h e a t varieties.) Since in 4 cases t h e 
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m a x i m u m d r y m a t t e r y ie lds measured a t points (8/1/), (8/2/), (7) and (2) seem 
to be incor rec t — supposed ly due to e r ro rs in mark ing ou t the model a r ea s or 
to wrong technics of s a m p l e taking —, t h e results of s imulat ion ca lcula t ions 
are also d i s to r ted . W i t h t h e exception of th i s one- f i f th of the cases, however , 
the s imula t ion results pub l i shed agree m o r e t han 7 0 % of the t ime w i t h the 
values of t h e ment ioned na t iona l ly -accep ted prognosis. 
Bes ide t h e ecological distr ict and t h e qual i ty of t h e growing s i te i t was 
mainly as a func t ion of t h e soil P - s t a tu s t h a t we a t t e m p t e d to eva lua t e — as 
much as t h e condit ions of observat ion m a d e it possible — the d y n a m i c s of 
phosphorus u p t a k e b y w i n t e r wheat . I n Figure 7 P - u p t a k e by med ium-ea r ly 
varieties in f ields of d i f f e r en t phosphorus s t a tu s is s h o w n . At the obse rva t ion 
points (8/1/) and (18/1/) a r e f l u x type d y n a m i c s of t h e p l a n t P -quan t i t i e s was 
separa ted according to t h e di f ferent p h o s p h o r u s s t a tus of t h e soil. The a m o u n t 
of Apr i l -May rainfall (32.8 mm) m e a s u r e d in the f i e ld of the Lower Tisza 
region (1) w a s such a low v a l u e in compar i son to the 105 m m rainfall t h a t the 
field of t h e Sopron-Vas P l a i n received (1), as supposed ly set aside t h e con-
siderable dif ference in t h e P-s ta tus of t h e soil. I n t h e actual P - s u p p l y i n g 
process moreove r in t h e in i t ia l deve lopmen t phase of w in t e r wheat , i t even 
reversed t h e agrochemical ly expectable resu l t . Besides, t h e variat ion of t h e 
P-s ta tus w a s de termined on t h e basis of t h e a m m o n i u m lac ta te soluble P in 
the upper cu l t iva ted layer of soil, and phospho rus i n f i l t r a t i on cannot he t a k e n 
in to account . Thus , in t h e phase of t i l ler ing — in t h e dry—warm B- type y e a r 
(18/1/) — t h e low mois tu re content of t h e cu l t iva ted soil layer m a y h a v e 
inf luenced t h e r a t e of P - s u p p l y as a decisive factor . T h e more even deve lop-
men t , and t h e earlier shoo t ing inconsis tent w i th the lower in tens i ty of g r o w t h , 
are explained b y the obv ious ly higher g round-wa te r level and consequen t ly 
Fig. 7. Curves for the phenodynamical character of aboveground phosphorus accumulation in 
medium-early winter wheat varieties 
Acta Agronomica llungarica 37, 1988 
NUTRIENT U P T A K E A N D A B O V E G R O U N D PHYTOMASS I N WINTER W H E A T 1 3 
more ha rmon ious w a t e r regime of t h e humous a l luv ium (8/1/), c o m p a r e d to the 
c lay- in f i l t r a ted brown fores t soil (18/1/). A compar i son of curves (1/1/) and 
(1/3/) shows t h a t in fields with s imilar nu t r i en t s t a t u s a n d ident ical ecological 
condi t ions t h e phase of in tens ive P -accumula t ion of t h e early v a r i e t y preceedes 
t h a t of t h e med ium-ear ly winter w h e a t . With t h e s a m e level of P-supply , 
however , t h e effect of t h e agro-ecological district was dominan t , a n d t h e phos-
phorus r e f l u x occurred a t one site (8/1/) b u t not a t t h e other (12). 
T w o early var ie t ies (Novosadska R a n a 2 a n d Száva) were c o m p a r e d for 
t h e d y n a m i c s of phospho rus u p t a k e a t growing sites of t h e same t y p e (Fig. 8). 
The i n f l u e n c e of the c l imat ic t y p e of yea r and the e f fec t of the agro-ecological 
d is t r ic t were also i n d i c a t e d in t h e course of t ime of t h e process, b e y o n d the 
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1
 days 
Fig. 9. Phenodynamics of phosphorus accumulation in the shoots of medium-early and early 
winter wheat varieties (comparison on soils of the same level of phosphorus supply) 
20-
10 • 
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q u a n t i t a t i v e differences of P - u p t a k e . As a f u n c t i o n of the c l imat ic type of 
y e a r of the agro-ecological d i s t r i c t , and the m a t u r i t y group t o which t h e 
v a r i e t y in ques t ion belongs, t h e dynamics of phosphorus u p t a k e reflects f un 
d a m e n t a l differences (Fig. 9). A t points (3/2/) w i t h good K - s t a t u s , the early 
v a r i e t y developed w i th phospho rus ref lux, while in district (12) t h e medium-
e a r l y winter whea t showed a r e f lux - f ree P -accumula t ion . At t h e same t ime, 
t h e period of in t ens ivP-u ep take in t h e var iety S z á v a preceedes — as expected — 
t h a t in J u b i l e j n a j a 50. The c l ima t i c type of y e a r and the v a r i e t y group wi th 
t h e i r synergic in te rac t ion p r o m o t e d the accumula t ion of la rger aboveground 
phosphorus q u a n t i t y in the (12) w h e a t s tand t h a n in the (3/2/) one . 
The dynamics of po tas s ium u p t a k e by w h e a t varieties was also s tudied 
accord ing to growing site, d i s t r ic t and nut r ient s t a t u s of soil. T h e K-up t ake of 
t h e medium-ear ly J u d i l e j n a j a 50 a t growing si tes of the same category ( I I I ) 
w i t h various levels of supply, in different agro-ecological d i s t r ic t s is seen in 
F i g . 10. In all t h r e e cases, charac te r i s t ic K - r e f l u x b u t essential differences in 
t h e size of m a x i m a a n d peak t i m e of up take were no ted . The r a t e of potass ium 
r e f l u x mainly d e p e n d e d on t h e K - s t a t u s of t h e soil. 
Similar examina t ions were carried out a t growing sites of category I 
w i t h medium or above -med ium potass ium s t a t u s of soil, in d i f fe rent agro-
ecological dis tr icts . The p o t a s s i u m up take of J u b i l e j n a j a 50 a l te red mainly 
accord ing to t h e agro-ecological d is t r ic t (Fig. 11). I n winter w h e a t , besides a 
charac ter i s t ic r e f l u x t ype p h e n o d y n a m i c s of K - u p t a k e , re f lux- f ree K- tu rnover 
a lso occurred. All t h i s conf i rms o u r observat ions concerning t h e r e f lux dyna-
mics of dry m a t t e r fo rmat ion in t h e case of p o t a s s i u m u p t a k e as well. 
In Figure 12 t h e process of K - u p t a k e is shown for t w o ear ly varieties 
— Száva and R a n n a j a 12 — in different g rowing sites a n d distr icts . T h e 
Fig. 10. Phenodynamics of potassium accumulation in the aboveground phytomass of 
medium-early winter wheat varieties grown at site I I I with varying levels of potassium 
supply in soils 
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days 
Fig. 11. Phenodynamics of aboveground potassium accumulation in medium-early winter 
wheat varieties on soils of different potassium sta tus a t growing site I 
days 
Fig. 12. Aboveground potassium accumulation of early winter wheat varieties grown at sites 
of the same quality on soils with different levels of potassium supply, as a funct ion of the 
vegetat ion period 
q u a n t i t a t i v e di f ference in the d y n a m i c s of K - t u r n o v e r — of r e f l u x - t y p e in 
b o t h s t a n d — does no t agree w i t h t h e t rend of t h e difference in t h e level of 
supp ly . T h e 30 m m a m o u n t of p rec ip i t a t ion on t i l ler ing a t t h e foo t of t h e Alps 
is less t h a n half of t h e 69 m m ra in fa l l measured in t h e f ield of t h e Bácska 
t ab l e - l and (2), wh ich probably exercised an u n f a v o u r a b l e effect on t h e early 
po tas s ium-supp ly ing capaci ty of soil in the distr ict (17). This was a consider-
ab le d i sadvan tage , even affect ing t h e subsequent phenophases pa r t i cu la r ly in 
t h e given d r y - w a r m cropyear , c o m p a r e d with the d r y - c o o l cl imatic condit ions 
of t h e Bácska f ields dur ing the s a m e period. 
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Fig. 13. Comparison of early and medium-early winter wheat varieties for the phenodynamics 
of potassium accumulation in the same agro-ecological district and growing site 
The dynamics of po t a s s ium u p t a k e by w in t e r whea t var ie t ies of early 
a n d medium-ear ly m a t u r i t y g roups in the case of identical growing site cate-
gories III are c o m p a r e d in Fig. 13. The phenodynamics of K - t u r n o v e r t h a t 
r eaches similar m a x i m a in t h e t w o varieties shows differences n o t only in t h e 
t i m e s of accumula t ion peaks a n d highest K - u p t a k e ra tes , b u t also in the r a t e 
of K-ref lux . The higher K - r e f l u x in Jub i l e jna j a 50 can be exp la ined by the 
f a c t t h a t in the per iod of r e f lux , mos t ly tak ing p lace in J u n e , t h e amoun t of 
prec ip i ta t ion in f ie ld (1/3/) exceeded 75 m m ; while dur ing t h e r e f l u x of Novo-
s a d s k a Rana 2, t h a t most ly fell t o May, the f ie ld (1/1/) only received 20 m m 
ra in fa l l . Thus t h e probabi l i ty of t h e ref lux of K + , an alkali me t a l ion easily 
w a s h e d out of t h e foliage t h a t gradual ly wi the r s while m a t u r i n g , greatly 
increased in field (1/3/). 
The charac ter i s t ic p h e n o d y n a m i c differences in d ry m a t t e r accumidat ion 
b e t w e e n early a n d med ium-ear ly win te r wheat var ie t ies a p p e a r f i r s t of all in 
t h e earlier accelerat ion and ear l ie r m a x i m u m of d r y m a t t e r fo rmat ion in 
t h e former . 
— The r e f l u x and r e f lux - f r ee dynamic t y p e s of d ry m a t t e r accumula-
t i o n can be f o u n d in bo th m a t u r i t y groups. 
— The deve lopmen t of r e f l u x dynamics shows a tendency- l ike relation 
w i t h the med ium or b e t t e r - t h a n - m e d i u m K - s t a t u s . 
— The f a r m d a t a and t h e pa r ame te r s so f a r avai lable are suff ic ient only 
t o give a plausible exp lana t ion , r a t h e r t h a n e x a c t reasons, for t h e f requen t 
occurrence of t h e r e f lux and r e f lux - f r ee types of phenodynamics . 
Conclusions 
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— As f o r i t s c h a r a c t e r a n d q u a n t i t a t i v e r a t i o , t h e ( r e f l u x o r r e f l u x - f r e e ) 
d y n a m i c s of P - u p t a k e d i s p l a y s a p a r a l l e l i s m w i t h t h e d y n a m i c s o f d r y m a t t e r 
a c c u m u l a t i o n m o r e o f t e n t h a n t h e p h e n o d y n a m i c s of K - u p t a k e . 
—• L i n k i n g u p t h e r e f l u x a n d / o r r e f l u x - f r e e c h a r a c t e r o f d r y m a t t e r f o r -
m a t i o n a n d n u t r i e n t a c c u m u l a t i o n d y n a m i c s w i t h o n e o r a n o t h e r a g r o - e c o -
l o g i c a l d i s t r i c t , o r r e f u s i n g s u c h a g e n e r a l i z a t i o n , w o u l d n o t b e r e a s o n a b l e . 
H o w e v e r , w i t h a k n o w l e d g e of t h e a m o u n t o f r a i n f a l l i n t h e c r i t i c a l p e r i o d s 
a n d of t h e g e n e t i c so i l t y p e s , i t i s n o t l i k e l y t h a t r e f l u x i s f r e q u e n t o n l y i n 
c e r t a i n a g r o - e c o l o g i c a l d i s t r i c t s . 
— T h e r e f l u x p h e n o d y n a m i c c h a r a c t e r l i n k e d w i t h a n i n c r e a s e d l e v e l o f 
K - s u p p l y d e m o n s t r a b l y s t r e n g t h e n s i n t h e f o l l o w i n g o r d e r : d r y m a t t e r f o r m a -
t i o n , P - u p t a k e , p o t a s s i u m a c c u m u l a t i o n . 
— T h e r e f l u x p h e n o d y n a m i c s of p o t a s s i u m q u a n t i t i e s a c c u m u l a t e d i n 
t h e a b o v e g r o u n d p h y t o m a s s o f w i n t e r w h e a t i s a c h a r a c t e r i s t i c h i g h l y i n f l u -
e n c e d b y v a r i e t y , g r o w i n g s i t e c a t e g o r y a n d a l s o a g r o - e c o l o g i c a l d i s t r i c t t h e 
e x p l a n a t i o n f o r w h i c h lies i n t h e ( e a s i l y w a s h e d o u t ) p h y s i o l o g i c a l l y a c t i v e f o r m 
of p o t a s s i u m , a n d i n t h e i n c r e a s e d i m p o r t a n c e of r a i n f a l l c o n d i t i o n s i n t h e 
p o s t of f l o w e r i n g p e r i o d . 
— O n a d j u s t i n g t h e K - s u p p l y i n g p o w e r of soil t o t h e p h e n o p h a s e s o f 
w i n t e r w h e a t t h e r a t e of K - r e f l u x m u s t n o t b e n e g l e c t e d . 
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INTERACTIVE EFFECT OF SOIL WATER CONTENT 
AND ANTITRANSPIRANT (PMA) 
ON SOME PHYSIOLOGICAL ACTIVITIES 
IN MAIZE PLANT 
A . M . A B D E L - R A H M A N and A . M . H A S S A N E I N 
B O T A N Y D E P A R T M E N T , FACULTY O F SCIENCE, ASSIUT U N I V E R S I T Y , S0HAG, E G Y P T 
(Received: 5 June 1986) 
The fresh and dry matter, leaf area as well as transpiration r a t e decreased 
wi th the decrease in soil moisture content . Stomatal f requency remained more or less 
unaffected. After spraying with the anti transpirant phenyl mercuric aceta te (PMA), 
somewhat variable results were obtained. The pigment contents decreased with the 
decrease in soil moisture content. Moreover, after spraying with PMA, the pigment 
contents exhibited generally lower values than those of the corresponding unspray-
ed plants. 
The carbohydrate contents exhibited variable values under the various treat-
ments used, bu t wi th a general tendency to be lowered after spraying with PMA. 
The nitrogen contents were reduced whatever t he treatment used. 
The lipid contents decreased with the decrease in soil moisture content . This 
decrease was more obvious after spraying with PMA. The contents of some nutrient 
elements showed somewhat variable response to d rought stress as well as to spraying 
with the various P M A concentrations. 
Keywords: Zea mays L., ant i t ranspirant (PMA), soil water content, physiology. 
Introduction 
T h e effect of soil wa te r con t en t on plants has b e e n studied to expla in the 
m e c h a n i s m hy which t h i s type of s t ress induces a l t e r a t i ons in p lan t physiology. 
Moreover , some t r i a l s were made t o alleviate t h e a d v e r s e effect of d r o u g h t by 
t r e a t i n g the p lan ts w i t h certain chemicals , which a r e believed t o r educe the 
w a t e r loss via t h e p l a n t leaves. P h e n y l mercuric a c e t a t e (PMA) w a s found to 
be a h igh ly effect ive subs tance a n d i t s effect was localized with n o t ransloca-
t ion t o un t r ea t ed p a r t s of the leaf b l ade (Shimshi 1963a, b; S la tyer a n d Bier-
hu izen 1964). To e x p l a i n the m e c h a n i s m by which P M A can i n d u c e s tomata l 
closure, some h y p o t h e s e s were m a d e . Mansfield (1967) and Squire a n d Jones 
(1971) found t h a t s t o m a t a l closure b y PMA w a s always accompan ied b y 
r e d u c e d C0 2 concen t ra t ions w i th in the in terce l lu lar spaces, w h i c h conse-
q u e n t l y induce s t o m a t a l closure. 
T h e aim of t h e present work was to test t h e response of ma ize p lan t s t o 
soil mois tu re c o n t e n t s . I n addi t ion, an a t t e m p t was m a d e to a l leviate t h e effect 
of d r o u g h t by s p r a y i n g these s t ressed plants w i t h t h e an t i t r an sp i r an t phenyl 
mercu r i c acetate ( P M A ) . 
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Material and methods 
The maize (Zea mays L.) plants were grown in pots with clay and sand (2 : 1) and 
dai ly irrigated al ternatively with water of 0.1 Hoagland solution to reach soil moisture levels 
of 90, 70, 50 or 3 0 % of the full field capaci ty . The plants were sprayed with an aqueous solu-
t ion of phenyl mercuric acetate (1 X 10 M, 1 X 10 4 M or 1 X 1 0 - 3 M) were used. Some plants 
were left unsprayed, to be regarded as a control. 
The stomatal frequency of upper and lower epidermis was determined in epidermal 
s t r ips taken from completely expanded leaves. Fifteen s tomatal counts were made succes-
sively across each s t r ip using an ocular micrometer. The mean stomatal f requency (number 
of stomata/mm5) was calculated. 
The transpirat ion was measured periodically (gm water /dnr /day or gm/water/plant/day). 
At the end of the experimental period, the fresh and dry matter of leaves, stems and 
roots were determined and water content was calculated. 
The leaf area was measured by t h e disk method (Watson and Watson 1953). 
Dry samples of leaves, stems and roots were ground into a fine powder by a inicromill 
a n d assayed for mineral elements. The versene (disodium dihydrogen ethylenediamine tetra 
acetic acid) t i t rat ion method (Schwarzenbach and Biederman 1948) was employed for both 
Ca and Mg determination. Phosphorus was determined colorimetrically using the method 
described by Woods and Mellon (1941). 
The photosynthet ic pigments (chlorophyll-a, chlorophyll-b and carotenoids) were 
determined using spectrophotometry methods recommended by Metzner et al. (1965). 
For the determinat ion of carbohydra te contents the anthrone sulphuric acid method 
was used (Fales 1951; Schlegel 1965). 
The micro-Kjeldahl technique (Peach andTracey 1965) was employed for the determina-
t ion of nitrogen contents . 
The lipid contents were quant i ta t ively extracted in petroleum ether using the weight 
method (Meara 1955). 
Results and discussion 
The s t o m a t a l f requency of b o t h lower a n d u p p e r epidermis of variously 
t r e a t e d plants r e m a i n e d more or less una f f ec t ed (Table 1). A progressive 
decrease in the r a t e of t r ansp i ra t ion wi th the decrease in soil m o i s t u r e content 
w a s recorded. Moreover , spraying w i t h the a n t i t r a n s p i r a n t P M A resu l ted in an 
obv ious decrease in t h e rate of t r a n s p i r a t i o n w i t h t h e rise in P M A concentra-
t i o n (Table 1). Th i s decrease in t r a n s p i r a t i o n w i th t h e decrease in soil moisture 
c o n t e n t accords w i t h the resul ts ob ta ined b y o t h e r authors (R icha rds and 
Ead le igh 1952, G a t e s 1955, J a r v i s and Ja rv i s 1963, Lahiri 1966, Cox and 
B o e r s m a 1967, Bie lor ia and Mendel 1969, Al-Ani 1972, Hsiao 1973). 
Since the n u m b e r of s t o m a t a did not show a n y considerable changes, 
t h i s decrease in t r ansp i r a t i on was m o s t l y due to t h e closure of s t o m a t a . In this 
r e spec t , Mansf ie ld (1967) and S q u i r e and J o n e s (1971) r e p o r t e d t h a t this 
s t o m a t a l closure b y PMA was a c c o m p a n i e d b y a reduced C 0 2 concen t ra t ion 
w i t h i n the in terce l lu lar spaces. Moreover , a l t e rna t ions have also b e e n obtained 
a f t e r t h e appl ica t ion of PMA to p l a n t leaves (Squi re and Jones 1971, Fen ton 
e t a l . 1976, Malloch and Fenton 1979). 
The water c o n t e n t of p lan ts decreased genera l ly with the decrease in soil 
m o s i t u r e con ten t . However , a f t e r s p r a y i n g wi th t h e an t i t r an sp i r an t P M A these 
c o n t e n t s exhibi ted , in most cases, s o m e w h a t h igher values c o m p a r e d to those 
of p l a n t s sub jec ted only to the cor responding d r o u g h t stress (Table 1). 
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Table 1 
Water relationship parameters and growth of maize plants subjected 
to various soil moisture contents and sprayed with various PMA concentrations 
Stomatal frequency Transpiration 
Soil (number of stomata
 w a t e r content Leaf „ , 
p i y Д mois- per mm5) Trans-
 a r e a Fresh Dry 
concentration t u I e — P' r a V,° a , (dm5/ « « g i l t weight 
— • upper lower g/g-d. ( № ) (g/p.ant) 
epidermis epidermis wt . 
0.0 90 89 169 7.06 31.46 8.33 4.47 14.06 1.51 
Control 70 88 170 4.15 19.71 8.48 4.76 11.62 1.23 
50 86 169 3.07 9.97 7.46 3.25 7.44 0.88 
30 93 171 0.51 0.53 5.29 1.07 2.63 0.42 
1 X Ю - 5 M 90 84 165 6.45** 28.68** 8.72 4.46 13.21** 1.36** 
70 82 157 4.01 18.96 8.81 4.73 11.34 1.16* 
50 86 164 2.69 9.05 7.96 3.36 7.84 0.88 
30 89 163 0.50 0.53 4.91 1.05 2.27 0.38 
l X l O " 1 M 90 77* 168 5.73** 26.00** 8.40 4.54 12.12** 1.29** 
70 74** 158 3.58* 16.03** 9.06 4.50 9.91** 0.99** 
50 82 162 2.01** 7.88 8.35 3.50 6.89 0.75** 
30 83 168 0.42 0.49 5.93 1.15 2.77 0.40 
1 x 1 0 - 3 M 90 76* 155 4.77** 17.29** 9.15* 3.65** 10.49** 1.03** 
70 78 162 3.42** 15.08** 8.65 4.44 8.98** 0.93** 
50 88 168 3.32 6.51** 7.87 2.82* 6.70* 0.76** 
30 84 173 0.46 0.45 6.67** 0.99 2.53 0.33** 
L.S.D. a t 5% 1.020 14.83 0.43 2.28 0.75 0.43 0.63 0.06 
L.S.D. a t 1% 13.75 19.99 0.58 3.08 1.02 0.58 0.85 0.08 
* Significant differences in relation to the corresponding reference control. 
** Highly significant differences in relation to the corresponding reference control. 
T h e values of leaf area, f r e sh or dry m a t t e r were general ly reduced 
under w a t e r stress (Table 1). These suppress ing effects of drought a re in accord-
ance w i t h t h e resul ts obta ined b y o t h e r authors us ing other p l a n t s (Boyer 
1970, Acevedo et al. 1971, Meyer a n d Boyer 1972, Hs iao et al. 1976, Bawson 
et al. 1980, T a k a m i e t al. 1981, 1982, Rawson a n d T u r n e r 1982a, b , Sobrado 
and R a w s o n 1984). T h i s reduction in g rowth could be a t t r i bu t ed to t h e reduc-
t ion in cell division a n d / o r in cell en l a rgemen t (Nicholls and May 1963, Gardner 
and N i e m a n 1964, S l a t y e r 1967, T e r r y e t al. 1971). S tocker (1960) emphas ized , 
in a d d i t i o n t h a t t he r e is a general r e t a r d a t i o n of some enzymat ic ac t iv i t ies due 
to w a t e r deficit , pa r t i cu la r ly , t h o s e responsible fo r photosynthes i s . Conse-
quen t ly , a shortage in building m a t e r i a l s occurs. T h e growth of t e s t p lants , 
a f t e r be ing sprayed w i t h the P M A , w a s variously a f fec ted . Af te r t r e a t m e n t 
wi th 1 X 10 ~ 3 M P M A , t h e values of t h e various g r o w t h pa ramete r s were con-
s iderab ly lower b u t w e r e still s o m e w h a t higher t h a n t h o s e of u n s p r a y e d plants . 
Such va r i ab l e results were also r eco rded b y some o the r authors . I n t h i s respect , 
N a g a r a j d h and R a t n a s o o r i a (1977) a n d I m a m and Miseha (1978) a t t r i b u t e d 
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Soil m o i s t u r e content ( % f i e l d c a p a c i t y ) 
Fig. 1. Interactive effect of some soil moisture contents and some PMA concentrations on 
pigment contents of maize plants 
о о unsprayed о o l x l O ~ E M о о 1 x 1 0 4 M о o l x l O ~ 3 M P M A 
t h e reduction on g rowth of some of t rea ted p l a n t s to the r educ t ion in photo-
synthes is , which was induced b y s tomata l c losure. On the o t h e r hand , t h e 
p romot ion in g r o w t h of o ther p l a n t s , especially w h e n t r ea ted w i t h low P M A 
concent ra t ions w a s a t t r i b u t e d m a i n l y to inh ib i t ion of respira t ion (Zelitch 1961 
Sh imshi 1963, W a g g o n e r 1965, Mar t in and Lopush in sky 1966, Sla tyer 1967, 
Squi re and Jones 1961, Lee et al . 1974, F e n t o n e t al. 1976, I m a m and Miseha 
1978, and Molloch a n d Fen ton 1979). 
The pho to syn the t i c p i g m e n t s were genera l ly inhibi ted b y wa te r stress 
(F ig . 1). The p l a n t s sprayed w i t h PMA exh ib i t ed generally lower values of 
p i g m e n t con ten t s t h a n those of t h e correspondingly unsp rayed p lants ; a n d 
th i s may lead t o a reduct ion in photosynthes is , which could he magnif ied b y 
s t o m a t a l closure ( N a g a r a j d h a n d Ratnasoor ia 1977, I m a m a n d Miseha 1978, 
Bead l e et al. 1981). 
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Root 
1 
To ta l 
9 0 % 7 0 % 5 0 % 30% 9 0 % 7 0 % 5 0 % 3 0 % 
Soil m o i s t u r e content ( % f i e l d capac i t y ) 
Fig. 2. Interact ive e f fec t of soil mois ture contents and P M A concentrations on ca rbohydra te 
con ten t s of maize p l a n t s 
О o u n s p r a y e d О о 1 X M о o l X l O _ 4 M о о 1 х Ю _ 3 М Р М А 
A signif icant reduct ion in ca rbohydra t e c o n t e n t was recorded af te r be ing 
sub jec ted to w a t e r stress (Fig. 2). Similar resu l t s were also ob ta ined b y o t h e r 
a u t h o r s using o t h e r plants ( E a t o n and Ergle 1948, Wager 1954, W o o d h a m s 
a n d Kozlowski 1954, Saunier e t al. 1968, a n d Lee et al. 1974). This decrease 
in ca rbohydra t e c o n t e n t may b e due to the corresponding decrease in p h o t o -
synthes is , which could be due t o the increase in diffusion resis tance of t h e 
s t o m a t a to C 0 2 consequent ly r educ ing the a m o u n t of C0 2 avai lable for p h o t o -
synthes is ( U p e r h u r c h et al. 1955, Br ix 1962, Gale et al. 1966, Ad je l -Twum a n d 
Spli t ts toesser 1976). After s p r a y i n g with low concent ra t ions of PMA, t h e 
ca rbohydra t e c o n t e n t s were genera l ly lowered. 
The to ta l n i t rogen conten t decreased w i t h t h e decrease in soil mois tu re 
c o n t e n t (Fig. 3). Spray ing wi th P M A generally resul ted in a decrease in n i t ro -
gen content w i th t h e increase of P M A concent ra t ions . 
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Fig. 3. In te rac t ive effect of soil moisture con ten t s and PMA concentrations on nitrogen 
contents of maize plants 
О - o u n s p r a y e d О O l X l O ' M о о 1 х Г ' М о o l X l O ~ 3 M P M A 
T h e l ipid c o n t e n t r e m a i n e d m o r e or less u n a f f e c t e d (Fig. 4). A f t e r spray-
ing w i t h P M A , t h e l ip id con ten t d e c r e a s e d m a r k e d l y wi th the i nc rea se in 
P M A concen t r a t i ons . Similar resul ts w e r e also o b t a i n e d b y others ( E v e n v a r i 
1960, Miller a n d B e a r d 1967, and A d j e l - T w u m and Spl i t t s toesser 1976) . T h e 
a c c u m u l a t i o n of l ipids in p l a n t s u n d e r d r o u g h t s t ress could be r e g a r d e d as a 
m e a n s of o smoregu la t ion . Such an o s m o r e g u l a t o r y e f f ec t of lipid a c c u m u l a t i o n 
has also b e e n p roposed b y some re sea rche r s who h a v e t e s t e d p l a n t s s u b j e c t e d 
to sa l in i ty s t ress ( A h m e d et al. 1977, A h m e d et al. 1979a, h, S h a d d a d 1979) 
T h e ca lc ium c o n t e n t s of leaves a n d s tems r e m a i n e d more or less unaf -
fec ted , whi le t hose of t h e r ema inde r of t h e whole p l a n t body d e c r e a s e d wi th 
t h e decrease in soil w a t e r con ten t (Tab l e 2). Also a f t e r spraying w i t h PMA, 
t h e ca lc ium c o n t e n t s of leaves and s t e m s d id n o t show a n y considerable change ; 
however , in t h e res t of t h e whole p l a n t b o d y , t he ca l c ium con ten t s decreased 
w i t h t h e increase of t h e a n t i t r a n s p i r a n t P M A concen t r a t i on . 
Acta Agronomica Hungarica 37, 1988 
EFFECT OF SOIL WATER CONTENT A N D PMA ON MAIZE 
2\ 
Fig. 4. Interact ive effect of soil mois ture contents a n d PMA concentra t ions on lipid c o n t e n t s 
of maize p lan t s 
о о unsprayed о О 1 X 10" 5 M О o l X l O ~ 4 M О o l x l O ~ 3 M P M A 
The m a g n e s i u m conten ts of the plant o r g a n s (leaves, s t e m s and roots) as 
well as of t h e who le plant b o d y remained m o r e or less u n a f f e c t e d , w h a t e v e r 
t h e soil water c o n t e n t used. W h e n calculated pe r p lan t , t h e magnesium con-
t e n t decrease w i t h the decrease in soil w a t e r content . A f t e r spraying w i t h 
P M A these m a g n e s i u m con t en t s remained, i n mos t cases, m o r e or less u n a f -
fec ted (Table 3). 
Phosphorus contents in leaves generally decreased w i t h t h e decrease in 
soil water c o n t e n t . I n the s t ems , they r ema ined more or less unaf fec ted , whi le 
in roots these con ten t s inc reased markedly w i t h the decrease in soil w a t e r 
con ten t . The t o t a l phosphorus contents , w h e n calculated p e r g dry weight of 
m ixed plant t i ssues or per p l a n t , decreased w i t h the decrease in soil w a t e r 
con ten t . Af te r spray ing w i th P M A the c o n t e n t s of phospho rus in d i f f e ren t 
organs were, in m o s t cases, lower t han those of t h e correspondingly u n s p r a y e d 
p l an t s . However , in the roots of p lan t s sub jec ted to 90% or 7 0 % field c a p a c i t y 
t he se contents were relat ively h igher than t h o s e in roots of unsp rayed p l a n t s . 
Consequent ly t h e t o t a l p h o s p h o r u s contents were marked ly lowered in c o m -
par ison to those of unsprayed p l a n t s (Table 4) . 
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Table 2 
Calcium contents (mg/g dry weight) of maize plants subjected to various soil 
moisture contents and sprayed with various PMA concentrations 
PMA 
concentration 
Soil 
moisture 
content, 
% 
Leaves S t e m Root 
Whole plant 
mg/g dry wt. mg/plant 
plant tissue 
0.0 90 13.33 16.67 26.67 18.40 27.75 
Control 70 14.67* 16.00 20.00** 16.51** 20.24** 
50 13.00 15.33 18.00** 14.86** 13.07** 
30 12.67 17.33 16.67** 15.23** 6.39** 
l X l O " 5 M 90 12.33 16.00 24.67 16.87** 22.95** 
70 14.17 14.17* 22.67* 16.69 19.30 
50 12.33 15.17 17.33 13.74* 12.04 
30 11.83 17.33 15.33 14.20 5.46 
l X l O " 4 M 90 13.33 15.33 21.33** 16.51** 21.29** 
70 12.00** 15.00 18.33 14.46** 14.29** 
50 12.00 12.83** 15.33** 13.02** 9.72** 
30 11.33* 15.33* 14.67 13.70** 5.48 
l x i o - 3 M 90 14.00 13.33** 19.33** 15.65** 16.15** 
70 11.67 13.83* 18.33 14.25** 13.57** 
50 12.33 12.00** 15.33* 13.11 9.92** 
30 11.67 14.67** 13.33* 13.34** 4.44* 
L.S.D.
 s x 1.24 1.67 2.55 1.10 1.75 
L.S.D.
 1 H 1.68 2.26 3.44 1.49 2.37 
* Significant differences. ** Highly significant differences. 
Table 3 
Magnesium contents (mglg dry weight) of maize plants subjected 
to various soil moisture contents and sprayed with various PMA concentrations 
Whole plant 
Soil  
PMA 
concentration 
moisture 
content, 
% 
Leaves S t e m Root m g / g d r y 
wt . plant 
tissue 
mg/plant 
0.0 90 5.20 5.20 8.80 6.39 9.63 
Control 70 5.20 4.80 7.20* 5.72 7.02** 
50 4.60 5.20 8.00 5.65 4.97** 
30 4.90 6.00 7.40 6.12 2.57** 
1X10~ 5 M 90 6.20 6.40 7.20* 6.54 8.92 
70 6.40 4.30 7.20 6.20 7.17 
50 5.00 5.30 8.40 5.76 5.04 
30 5.70 6.00 8.40 6.77 2.61 
1 X 1 0 " 1 M 90 5.60 4.60** 8.80 7.10 9.17 
70 4.00 7.35** 9.00* 5.37 5.30 
50 4.00 7.10* 9.20 6.04 4.50 
30 4.80 4.60* 8.00 6.77 2.70 
1 X 1 0 " 3 M 90 7.10* 8.00** 6.40** 7.14 7.35* 
70 5.00 4.10 6.20 5.72 4.84** 
50 3.80 6.40 8.40 5.71 4.34 
30 3.60 7.20 8.00 6.13 2.12 
L.S.D. 1.37 1.55 1.49 1.08 1.10 
L.S.D. 1.84 2.09 2.01 1.46 1.49 
* Significant differences. ** Highly significant differences. 
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Table 4 
Phosphorus contents (mg/g dry weight) of maize plants subjected 
to various soil moisture contents and sprayed 
with various PMA concentrations 
PMA 
concentration 
Soil 
mois-
ture 
content, 
% 
Leaves Stem Root 
Whole 
mg/g dry 
wt. plant 
tissue 
plant 
mg/plant 
0.0 9 0 4 . 0 0 1 . 6 0 0 . 7 2 2 . 4 5 3 . 6 9 
Control 7 0 3 . 7 2 * * 1 . 5 6 0 . 9 6 2 . 2 3 2 . 7 3 * * 
5 0 3 . 0 0 * * 1 . 8 0 1 . 5 1 * * 2 . 3 3 2 . 0 6 * * 
3 0 1 . 0 1 * * 1 . 7 8 1 . 8 5 * * 1 . 5 0 * * 0 . 6 3 * * 
l X l O " 5 M 9 0 2 . 5 5 * * 1 . 7 6 0 . 9 6 1 . 8 4 * * 2 . 5 7 * * 
7 0 2 . 4 0 * * 1 . 7 3 1 . 0 1 1 . 8 5 * 2 . 1 3 * * 
5 0 1 . 9 2 * * 1 . 4 4 * * 1 . 5 9 1 . 6 7 * * 1 . 4 6 * * 
3 0 1 . 2 5 1 . 3 7 * * 1 . 6 0 1 . 4 0 0 . 5 4 
1 X ю - 1 M 9 0 2 . 8 6 * * 1 . 8 5 * * 1 . 4 2 * * 2 . 0 1 * * 2 . 5 9 * * 
7 0 3 . 3 2 1 . 5 6 1 . 1 7 2 . 2 8 2 . 2 6 * * 
5 0 2 . 0 2 * * 1 . 6 6 1 . 3 0 1 . 7 5 * * 1 . 3 1 * * 
3 0 1 . 4 4 * 1 . 0 6 * * 1 . 6 8 1 . 3 1 0 . 5 4 
1 X ю - 3 M 9 0 2 . 3 5 * * 1 . 5 4 1 . 5 9 * * 1 . 9 2 * * 1 . 9 8 * * 
7 0 2 . 3 5 * * 1 . 4 7 1 . 3 9 * * 1 . 8 5 * 1 . 7 1 * * 
5 0 2 . 1 6 * * 1 . 3 7 * * 1 . 5 4 1 . 7 9 * * 1 . 3 6 * * 
3 0 1 . 7 8 * * 1 . 1 8 * * 1 . 2 3 * * 1 . 4 1 0 . 4 7 
L.S.D.
 5% 0 . 3 9 0 . 2 2 0 . 2 7 0 . 3 1 0 . 2 7 
L.S.D.
 1% 0 . 5 2 0 . 3 0 0 . 3 6 0 . 4 1 0 . 3 6 
* Significant differences. 
** Highly significant differences. 
G e n e r a l l y i t c a n b e c o n c l u d e d t h a t t h e a n t i t r a n s p i r a n t u s e d ( P M A ) 
e x e r t e d v a r i a b l e e f f e c t s o n t h e m a i z e p l a n t s . T h e r e l a t i v e l y l o w e r c o n c e n t r a -
t i o n s g e n e r a l l y h a d p o s i t i v e e f f e c t s i n a l l e v i a t i n g t h e e f f e c t of d r o u g h t s t r e s s ; 
w h i l e t h e r e l a t i v e l y h i g h e r c o n c e n t r a t i o n s h a d n e g a t i v e e f f e c t s . 
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EFFECT OF ZINC ADDITIONS TO ACID SOILS 
ON THE GROWTH AND TRANSLOCATION OF ZINC, 
MANGANESE, IRON AND COPPER IN MAIZE 
R . L . B A N S A L * a n d N . G . Z Y R I N * * 
FACULTY O F S O I L SCIENCE, M O S C O W STATE U N I V E R S I T Y ' , MOSCOW, U S S R 
(Received: 11 July 1985) 
In a greenhouse experiment, the effect of Zn additions (0, 125, 250, 500 and 
1000 ppm Zn) applied through Zn(N0 3 ) 2 on the growth and translocation of Zn, Mn, 
Fe and Cu in corn grown on soils differing in composition and properties was studied. 
The Zn additions decreased the dry ma t t e r yield of corn f rom 2.12 to 0.40 and 3.19 to 
1.53 g per pot a t bo th pH 4.4 and 5.4, and it disbalances the translocations of other 
nutr ients in plants. The plant Zn increased significantly with increased levels of added 
Zn in all the soils. The plant Mn also significantly raised above the control by Zn 
additions from 2280 to 3437 ppm in Soil A and 162 to 4280 ppm in Soil B. Liming the 
Soil A reduced eighteenfold the Mn content in maize. This decrease in Mn content was 
largely due to the p H effect of the soil. The plant Fe and Cu decreased with Zn additions. 
Keywords: Addition and translocation of Zn, decrease of dry mat te r , accumula-
tion of heavy metals , Zn stress, disbalances of nutrients is the soil. 
In t roduc t ion 
Toxic i ty of Zn h a s been obse rved in some agr icul tura l crops and soils 
a r o u n d t h e Zn smel t ing p lan ts (Singh — Lag 1976). N o w t h a t Zn fer t i l iza t ion has 
become a common agr icu l tura l p rac t i ce its con t inuous application yea r af ter 
year m a y result in t h e excess a m o u n t of Zn in soils. Secondly, i n t h e agri-
cu l tu ra l soils which a r e used as d isposal for i ndus t r i a l wastes, t h e r e is every 
l ikel ihood of the accumula t ion of t h e excess h e a v y meta l s in soils. I n general, 
t he r e p o r t s of Zn t o x i c i t y to p lan t s h a v e involved acid soils. Also, t h e heavy 
doses of Zn addi t ions t o soils resul t in the disbalances of other n u t r i e n t s and 
t h e r e b y affect the biochemical processes . The Zn addi t ions to soils had an 
an tagon is t i c effect on Mn avai labi l i ty t o plants (S ingh and Steenberg 1974) in 
n e u t r a l a n d alkaline soils. However , l i t t le i n f o r m a t i o n is available abou t its 
effects in acid soils w h e r e the cond i t ions are q u i t e different f r o m those in 
alkal ine soils. Therefore , t he present exper iment s tud ies the e f fec t of heavy 
doses of Zn addi t ions t o acid soils on the conten t of Zn, Mn, F e a n d Cu in 
maize g rown on such soils. 
* Present Address: Asst. Soil. Chemist, Department of Soils, Pun jab Agricultural 
University, Ludhiana-141004, India. 
** Professor of Soil Chemistry. 
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M a t e r i a l and m e t h o d s 
Bulk surface soil samples of the plough layer (0-20 cm) were collected f rom two loca-
t ions of RSFSR, USSR for greenhouse s tudy . Soil samples were air-dried, ground and passed 
through 2 mm sieve. Maize was grown in the greenhouse in plastic pots containing five kg 
of soil. The levels of Zn were 0, 125, 250, 500 and 1000 p p m Zn as Zn(NO.,)„. A basal applica-
t ion of 428 ppm, N as N H , N 0 3 , 200 p p m P 2 0 5 and 260 p p m K 2 0 as K H , P 0 4 and K 2 H P 0 4 
was done. The fertilizers and zinc solutions were manually mixed in the soil. F i f teen seeds of 
maize were sown in each pots and were thinned to 10 p lants after germination. Four replica-
t ions were provided. Soil moisture was maintained at approximately 60% of the water holding 
capaci ty of the soil. The plants were harvested 20 days a f te r germination. The harvested 
p lants were thoroughly washed with double distilled water , dried at 70 °C and weighed. All 
the results reported are on an oven-dry basis. The samples were ground in a mixer having 
stainless steel blades. The samples were wet-ashed with H N 0 3 — H 2 S 0 4 —HC104 ternary acid 
mixture (9 : 3 : 1). 
The soil samples were also taken f r o m each pot at t he time of plant harves t and these 
were analysed for soil p H (1 : 2.5 soil wate r suspension) and available Zn by extracting with 
1 N ammonium acetate solution pH 4.8, in a 1 : 10 soil solution ratios, shaken for 1 hr. The 
content of Zn, Mn, Fe and Cu in plant and soil extracts was estimated by Atomic Absorption 
Spectrophotometry. 
The effect of lime application to Soil A was also studied. CaC03 was added at the rate 
of 3.5 g/kg soil (named Limed Soil). The levels of N, P, К and Zn additions and the test crop 
were the same as for other soils. 
T h e c h a r a c t e r i s t i c s of t h e s o i l s u s e d in g r e e n h o u s e s t u d i e s a r e g iven i n 
T a b l e 1. T h e so i l s h a d p H 4 .4 a n d 5 . 4 s a n d y l o a m i n t e x t u r e , o r g a n i c c a r b o n 
0 . 6 a n d 1 . 2 % c a t i o n e x c h a n g e c a p a c i t y 12.5 a n d 1 5 . 9 m e p e r 1 0 0 g soil . T h e 
s o i l s d i f f e r i n Z n a n d M n a n d h a v e a l m o s t t h e s a m e c o n t e n t o f F e a n d C u . 
Soil pH and available Zn 
T h e a d d i t i o n s of Z n ( N 0 3 ) 2 t o soils d e c r e a s e d t h e soil p H a f t e r t h e c r o p 
h a r v e s t f r o m 4 . 4 0 t o 4 . 1 0 i n Soi l A a n d 5 .40 t o 5 . 1 5 i n Soil B . T h i s i s a t t r i b u t e d 
t o t h e f o r m a t i o n of Z n + + , ( Z n O H ) + i ons w i t h Z n ( N 0 3 ) 2 a d d i t i o n s . T h e p r e -
s e n c e of t h e s e i o n s r e s u l t e d i n l o w e r i n g of soil p H ( B a n s a l a n d Z y r i n 1983) . T h e 
a p p l i c a t i o n of l i m e t o Soil A e n h a n c e d t h e soi l p H f r o m 4 .4 t o 5 . 7 in c o n t r o l 
t r e a t m e n t , a n d Z n ( N 0 3 ) „ a d d i t i o n s f u r t h e r r a i s e d t h e soil p H t o 5 . 9 5 (T ab l e 2 . ) 
R e s u l t s a n d d i s c u s s i o n 
Table 1 
Characteristics of the experimental soils 
Soil Texture 
Organic CEC m e 
p H carbon, per 100 g 
% soil 
Ammonium acetate p l l 4.8 extractable 
soil cat ions , ppm 
Zn Mn Fe Cu 
Podzolic Soil A 
Podzolic Soil В 
Sandy loam 4.4 0.6 12.5 4.0 118 
Sandy loam 5.4 1.2 15.9 7.2 81 8.0 
8. .8 0.4 
0.3 
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Table 2 
Effect of zinc fertilization on the dry matter yield 
and micronutrients content in maize 
Zn 
doses, 
ppm 
Soil avail-
able Zn, 
ppm 
Dry matter 
yield 
g per pot 
Plant micronutrients content, ppm 
Soü pH 
Zn Mn Fe Cu 
Podzolic Soil A 
0 3.5 2.12a* 185a 2280a 100a 9.0 4.40 
125 110 1.23b 582b 3550b 115b 9.0 4.35 
250 243 1.00c 1490c 3718b 125b 8.7 4.25 
500 492 0.55d 3785d 3650b 137c 8.1 4.20 
1000 867 0.40d 5040e 3437b 150d 8.1 4.10 
Limed Podzolic Soil A 
0 2.4 2.36a 80a 127a 137a 9.4 5.70 
125 37 2.43a 261b 137a 106b 10.6 5.70 
250 77 2.51a 660c 199b 100b 10.0 5.75 
500 192 2.22a 1714 255c 93b 9.3 5.85 
1000 460 1.01b 2213e 301d 90b 9.0 5.95 
Podzolic Soil В 
0 10 3.19a 162a 315a 137a 13.1 5.40 
125 120 2.78b 447b 616b 150a 12.5 5.30 
250 225 2.71b 886c 734c 148a 10.6 5.20 
500 434 2.25c 191 Id 779c 131a 10.0 5.20 
1000 750 1.53d 4280e 949d 112b 10.0 5.15 
* Entries in each subcolumn t h a t have the same letter are not significantly different a t 
the 95 per cent level of confidence. 
The soil ava i lab le Zn e s t i m a t e d af ter t h e crop harves t va r i ed f rom 3.5 t o 
867 ppm in Soil A, 10 to 750 p p m in Soil B , whereas in l i m e d soil t he r e w a s 
twofold decrease in Zn ava i lab i l i ty and i t r a n g e d be tween 2.4 to 460 p p m . 
T h e decrease of soil Zn ava i lab i l i ty with t h e addi t ion of l i m e to acid soil h a s 
been repor ted b y Hymes a n d Swif t (1985). 
Dry matter yield and micronutrients content 
The d r y m a t t e r yield of maize from Soil A and В decreased s ign i f ican t ly 
w i t h increased levels of a d d e d Zn. The dec rease was more in Soil A (2.12 t o 
0.40 g per po t ) t h a n in Soil В (3.19 to 1.53 g per pot). I n l imed soil t h e y ie ld 
remained u n a f f e c t e d up to 500 p p m Zn add i t i ons , and a t 1000 ppm Zn add i -
t ions there w a s significant r educ t ion in m a i z e d ry m a t t e r y ie ld . 
The p l a n t Zn increased signif icant ly w i t h increased levels of a d d e d Zn 
in all three soils. In general, t h e relative c o n t e n t of Zn in maize followed t h e 
sequence: Soil A > Soil В > Limed Soil. T h e plant Zn con ten t in Soil A 
var ied f rom 185 p p m in con t ro l t o 5040 p p m a t 1000 ppm Z n addit ions, w h e r e a s 
l iming the soil reduced t h e p l a n t Zn d ras t i ca l ly and it was 80 ppm in c o n t r o l 
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to 2213 p p m a t 1000 p p m Zn addit ions. I n Soil В, t h e p l a n t Zn in c o n t r o l was 
162 p p m a n d a t highest r a t e of Zn add i t i ons it was 4280 p p m (Table 2). There 
appeared to he a posi t ive relat ionship b e t w e e n soil Z n addit ions a n d t rans-
locations of Zn in p l an t s in these soils hav ing d i f f e ren t p H values. A very 
s trong p H effect on the Z n content of t h e p l a n t was f o u n d . Increasing t h e p H 
of the soil f r o m 4.4 to 5.7 resul ted in a decrease in p l a n t Zn from two t o three-
fold. Lee a n d Craddock (1969) found a t w o f o l d decrease in plant Zn w h e n the 
p H of and soil was raised t o 6.5 with l ime addit ions. I n t h e present inves t iga-
t ions, t h e c o n t e n t of Zn in maize was f a i r l y high and wel l above the t h r e s h o l d 
conten t of Zn toxici ty in p lan ts descr ibed in t h e l i t e r a tu re ( B a r k e r and 
Chesnin 1975), and resu l t ed in toxici ty of Zn in p l an t s . 
The ef fec t of Zn on Mn content in ma ize was of pa r t i cu la r i n t e r e s t . The 
p lan t Mn was s ignif icant ly raised above t h e control b y t h e soil Zn add i t i ons 
in bo th t h e soils. There w a s a strong p H effect on p l a n t Mn. The Mn c o n t e n t 
in maize g rown in Soil A ( p H 4.4) va r i ed f r o m 2280 t o 3437 ppm, w h e r e a s in 
l imed soil ( p H 5.7) there was an eigl i teenfold decrease in p lant Mn in cont ro l 
t r e a t m e n t , a n d an e levenfold decrease a t 1000 ppm Z n t r ea tmen t . Soil wi th 
p H of l e s s than 5.0 of ten con ta in toxic levels of Mn t h a t m a y be d e t r i m e n t a l 
to o p t i m u m growth ( K a m p r a t h 1971, H y m e s and Swift 1985). The dec rease in 
the u p t a k e of Mn in l imed soil may be due t o reduced avai labi l i ty of Mn owing 
to possible prec ip i ta t ion a n d oxidation a t higher p H , a n d due to i ts adsorp-
t ion on C a C 0 3 surfaces. Bansa l and Z y r i n (1983) r e p o r t e d increase in p l a n t 
Mn with Zn addi t ions a n d a tenfold decrease in p lant Mn with l iming in oat 
p lants . Whi t l e et al. (1979) also repor ted increased leaf Mn content w i t h Zn 
addi t ions . Excess ive p l a n t Mn may a f f ec t a plant b y reac t ing wi th Z n syn-
ergetically, an tagonis t ica l ly , or not a t all , and there is l i t t le i n f o r m a t i o n on 
which to base a j u d g e m e n t . The present s t u d y showed t h e range of r eac t ions 
to bo th t h e excess Zn s t ress and the Z n induced p l a n t Mn increases. More 
work on t h e in te rac t ion is necessary to c lea r ly establish t h e effect of excess ive 
soil Zn per se, as well as such induced e f fec t as the e n h a n c e d tissue Mn. 
The p l a n t Fe increased f rom 100 t o 150 p p m by Z n addit ions in Soil A, 
decreased in Soil В f rom 137 to 112 p p m a n d in limed soil f r o m 137 to 90 p p m 
(Table 2). I t appears t h a t in low p H Soil A (4.4), t h e avai labi l i ty of F e is 
greater a n d Zn addi t ions h a v e no an tagon is t i c effect on t h e t rans loca t ion of 
Fe in the p l a n t s . The p l a n t Cu decreased w i t h Zn add i t ions in both t h e soils. 
Al though t h e leaf Fe c o n t e n t decreased, i t did not a p p r o a c h 50 p p m , a con-
cent ra t ion usua l ly considered indicat ive of s imple Fe def ic iency (Jones 1972). 
The decrease in Fe conten t b y Zn excess h a s been r epor t ed b y several w o r k e r s 
(Takahashi e t al. 1979, W h i t e et al. 1979). Increas ing t h e a m o u n t of Zn in t h e 
nu t r i en t solut ion marked ly suppressed i ron content in s t e m . In soybean , Zn 
interferes w i t h t h e t r ans loca t ion of iron b y inhibi t ing t h e reducing c a p a c i t y of 
t h e root ( F e + + + , F e + + ) or accentuates o t h e r reactions de t r imenta l t o i ron 
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t r a n s p o r t . Gilbey (1970) repor ted r e d u c e d plant Cu w i t h Zn add i t ions . The 
present s t u d y suggests t h a t the h e a v y doses of Zn add i t i ons to soils resul ted 
in the disbalances of o t h e r mic ronu t r i en t s in plants . Increas ing t h e p l a n t Zn 
and Mn, a n d decreasing t h e Fe and Cu content . The p l a n t Mn in low p H soil 
(4.4) h a s m u c h higher c o n t e n t t han in o t h e r soils. L iming t h e acid soils reduced 
dras t ica l ly t h e plant Mn. 
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INFLUENCE OF POTASSIUM FERTILISATION 
ON THE RESPONSE TO SOIL MOISTURE STRESS 
IN POTATO 
P . K . T A R A F D A R , N . C . B A N A R J E E * a n d A S I T K . M T J K H O P A D H Y A Y 
D E P A R T M E N T O F A G R I C U L T U R A L CHEMISTRY A N D S O I L SCIENCE, F A C U L T Y OF A G R I C U L T U R E , 
B . C . K . V . , KALYANI, W E S T B E N G A L , I N D I A 
(Received: 17 Apri l 1986) 
Potassium fertilization can improve water use efficiency and thereby mainta in 
К u p t a k e and crop yield. This was investigated with po ta to as the test crop in a 
statistically designed field experiment under different intensities of moisture stress, 
created by applying irrigation at 3 different moisture tensions. Each of these were 
again tested at 5 different levels of К fertilisation. Irrespective of К levels, tuber 
yield decreased with increasing moisture stress and increased with increasing К fertilisa-
tion, when moisture variat ions were no t taken into consideration. The max imum 
increase in yield per un i t of added K 2 0 was recorded at t he lowest level (60 kg) of 
К fertilisation in plots irrigated at 0.3 and 0.6 atmospheric tensions, whereas it was 
observed at 120 kg level of K 2 0 addition in the driest plot . Irrespective of stages of 
crop growth, a significant increase in К u p t a k e was noted with an increase in К fertilisa-
tion, and significantly decreased with decreasing soil moisture levels. That the reduc-
tion in K-availability in less frequently irrigated fields could be largely compensated 
by raising the level of К fertilisation, was clearly demonstrated. 
Keywords: Soil moisture stress, K-availability, K-nutr i t ion and yield of pota to . 
Introduction 
The soil moisture c o n t e n t affects t h e ra te of t r a n s p o r t of po t a s s ium in 
the soil s y s t e m and hence i t s avai labi l i ty t o plants . T h e role of p o t a s s i u m in 
water u p t a k e in green h o u s e and field s tud ies of yield response to p o t a s s i u m 
in d i f ferent degrees of m o i s t u r e stress s i tua t ions , has been emphasized b y m a n y 
workers (Saxena 1985). Mengel and K i r k b y (1980) r e p o r t e d a decrease in t h e 
osmotic po ten t i a l of r oo t cells when t h e К u p t a k e was high, resul t ing in an 
increase in w a t e r u p t a k e . Maize roots p e n e t r a t e d 60 c m deeper in K, fer t i l i sed 
over t h e corresponding unfer t i l i sed soil of Illinois, g iv ing access to an e x t r a 
10 cm w a t e r (Edwards 1981). A unique specif ic role of t h e K + ion in s t o m a t a l 
regulat ion in most p l an t species has also been repor ted b y Fischer a n d Hsiao 
(1968). W a t e r stress causes a sharp inc rease in the concen t ra t ion of abscisic 
acid in leaves (Hsiao 1973) and p lan t s well supplied w i t h К are associa ted 
with a lower level of abscis ic acid. T h u s , i t is ind ica ted t h a t the response to 
potass ium in limiting t h e soil moisture level m a y i m p r o v e water use ef f ic iency 
* Depar tment of Agronomy, Facultyof Agriculture, B.C.K.V., Kalyani (741 235) 
NADIA, India . 
Acta Agronomica Hungarica 37, 1988 
Akadémiai Kiadó, Budapest 
3 8 P. К . TARAFDAR et al. 
and t h e r e b y main ta in crop yield. However , very few s tud i e s on this a spec t 
have been conduc ted on crops growing on a soil not de f ic ien t in p o t a s s i u m . 
Hence, w h e t h e r the response to К ferti l iser unde r a drier s t a t e is ac tua l ly d u e 
to the e f fec t s on the soil K-ava i lab i l i ty , or t o the i m p r o v e m e n t of d r o u g h t 
tolerance b y t h e plant , is no t clearly i n t e rp r e t ed . Al though th i s paper does n o t 
claim to t r e a t th is aspect comprehens ive ly , it is an a t t e m p t to increase ou r 
knowledge t o w a r d s this ob jec t ive . The e f fec t of varying in tens i t ies of d r y i n g , 
a l t e rna ted w i t h wet t ing of soil t h rough i r r iga t ion at d i f fe ren t soil К levels, i n 
relat ion to K-nu t r i t i on and t h e yield of p o t a t o as a tes t c rop , was s tud ied in 
t h e present inves t iga t ion . 
Material and methods 
The field experiment was laid out in a split plot design with 3 irrigation levels in the 
main plot and 5 К levels in the subplot. All the t reatment combinations were replicated 
3 times. The gross plot size of the t reatment was 2 . 5 x 4 m. The 3 moisture treatments con-
sisting of irrigation based on a tensiometer reading, corresponding to 0.3 (M,), 0.6 (M,) 
and 0.9 (M3) atmospheric tension. The 5 t reatments representing К levels corresponded to 0 
(K t) , 60 (K2), 120 (K3), 180 (K4) and 240 (K5) kg K 2 0 / h a applied as muriate of potash. The 
experimental field soil samples were clay loam in t ex ture and had pH 7.25; organic С 0.54%, 
CEC 13.74 m.e/100 g; total N 0.06%, WHC 56.87%, water soluble К 20 ppm exchangeable 
К 375 ppm and non-exchangeable К 1020 ppm. 
The potatoes (var. Kufii Jyo t i ) were sown at 50 cm row to row, and 10 cm seed to 
seed spacing. A basal dose of N and P was applied a 100 kg N/ha and 150 kg P 2 0 5 /ha respec-
tively. Nitrogen a 100 kg/N/ha was top dressed af ter 40 days of sowing. A full dose of К was 
applied as basal application. Irrigation was applied as per treatment, indicated by a tensiometer 
inserted in each plot. Adequate plant protection measures were taken . Immediately a f te r 
harvest, the tuber yield/plot was recorded. The К content in the above-ground plant samples 
and tubers was analysed on the 40th day after sowing and after the crop harvest. The К con-
tent in different extracts was estimated photometrically, using a "Sys t ron ix" type 121 F lame 
Photometer. The da ta on yield and К concentration of the plant samples were evaluated by 
analysis of variance. The standard error of mean as well as critical differences was calculated 
at a 5% level of probability, to test the significance of mean for the t reatment differences. 
Results and discussion 
Resul ts in Table 1 reveal t h a t regardless of К levels, t u b e r yields de-
creased wi th a n increasing mo i s tu re stress (M3 > M2 > M3); and i r respect ive 
of the moi s tu re levels, t u b e r yields increased wi th an increas ing level of К 
fert i l isat ion. T h e stat ist ical analysis , however , failed to f i n d a n y s ignif icant 
difference in t u b e r yields b e t w e e n M, and M 2 moisture levels bu t s ignif icant 
yield va r ia t ions were noted a t each of t h e f i v e levels of К addi t ion . As t h e 
desired soil t e m p e r a t u r e does n o t exist t h r o u g h o u t the p o t a t o growing season 
(November t o February) , g rea t e r response of crop yield of p o t a t o to m o r e 
f r e q u e n t i r r iga t ions may p a r t l y be a t t r i b u t e d to the adverse e f fec t of f ros t on 
t h e crop, w h e n irr igated a t longer in te rva ls . T h a t the man ipu la t ion of soil 
mois ture t h r o u g h irrigation to a large ex t en t can influence t h e the rmal reg ime 
Acla Agronomica Ilungarica 37, 1988 
I N F L U E N C E OF POTASSIUM O N SOIL MOISTURE S T R E S S 3 9 
Table 1 
Effect of different moisture levels on yield of potato tubers ( t/ha ) 
at different levels of К fertilization 
(Mean of three replicates) 
Irrigation applied at tensions 
Levels of К kg (atmosphere) Mean 
K , 0 / h a -
0.3 0.6 0.9 
0 22.851 21.622 18.396 20.936 
60 26.575 24.089 18.435 23.033 
120 26.062 24.441 24.133 24.865 
180 28.516 25.793 24.195 26.168 
240 29.981 28.876 24.304 27.720 
Mean 26.797 24.964 21.881 
SEm for main plot = 6.94 SE m for sub plot = 10.89 
(irrigation) (K levels) 
CD 5% = 2.726 CD 5% = 3.181 
of soil, has also been r e p o r t e d by Box e t al. (1963). A p p a r e n t l y each m o i s t u r e 
regime br ings about a change in the t h e r m a l regime of t h e soil, a n d how 
closely i t approaches t h e o p t i m u m soil mois tu re depends upon the p reva i l ing 
weather condi t ions. I n t h e l ight of t h e above discussion, t h e results of th i s 
s tudy suggest t h a t ca re fu l p lanning of i r r iga t ion lias a considerable scope for 
improving t h e yield of p o t a t o in this reg ion . 
The percentage y ie ld increase of p o t a t o tubers pe r kg of K 2 0 , a d d e d a t 
each of t h e th ree d i f fe ren t mois ture levels wi th increasing К fer t i l isat ion, was 
computed a n d the resul t s are presented in Table 2. W h e n irr igations w e r e 
applied a t 0.3, 0.6 and 0.9 a tmospher ic tensions, t h e m a x i m u m p e r c e n t a g e 
increase in yield per kg of added K 2 0 was 62.06, 41.11 a n d 48.31, r e spec t ive ly 
(Table 2). Of these, t h e f i r s t two values corresponding t o 0.3 and 0.6 a t m o s -
pheric t ens ion were obse rved a t 60 kg level of added K 2 0 ; whereas, t h e t h i r d 
one, i.e. 4 8 . 3 1 % increase in yield of p o t a t o per kg of a d d e d K 2 0 , was r eco rded 
Table 2 
Effect of different moisture levels and 
increasing К fertilization on the 
percentage increase in yield of potato 
per kg of K20 added 
Irrigation applied at tensions 
K k g (atmospheric) 
K , 0 / h a 
0.3 0.6 0.9 
60 62.06 41.11 1.65 
120 26.75 23.49 48.31 
180 31.47 23.17 32.55 
240 29.70 30.22 24.86 
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a t 120 kg level of К fer t i l i sa t ion in plots i r r iga ted at 0.9 a tmospher i c t ens ion . 
T h e marked rise in the yield of po t a to t u b e r s wi th the increase in levels of 
irr igation was repor ted b y Ing l e and D o h a t o n d e (1975). More recently R e d d y 
a n d Shas t ry (1983) also r e p o r t e d higher t u b e r yield in f ie lds irr igated a t t h e 
I W / C P E r a t i o of 1.05 and a dras t ic fall in product ion w i th irr igat ion a t t h e 
I W / C P E r a t i o of 0.60. 
The t o t a l К up take u p to t h e 40 th d a y stage of g r o w t h of the p o t a t o 
crop in each of t h e f ive levels of К fer t i l i sa t ion , and th ree levels of moi s tu re 
t r e a t m e n t s , a r e presented in Tab le 3 a n d a t harves t in T a b l e 4. The resu l t s 
indicate t h a t i rrespective of t h e stage of g rowth , a s ignif icant increase in К 
u p t a k e occur red with the increase in К fer t i l iza t ion and decreased s ignif icant ly 
wi th the decreas ing level of soil mois ture . T h e result t h u s ind ica tes the v i t a l 
role of soil mo i s tu re in the u p t a k e of p o t a s s i u m b y po ta to c rop . 
The r e su l t s (Tables 3 a n d 4) f u r t h e r b r ing out an i m p o r t a n t poin t . T h e 
reduct ion of К availabil i ty in less f r e q u e n t l y irr igated f ie lds could be com-
pensa ted b y ra is ing the level of К fer t i l i sa t ion. A perusal of t h e da ta (Table 3) 
makes it c lear t h a t at the 4 0 t h d a y stage of growth, К u p t a k e by the p o t a t o 
crop fert i l ised w i th К a 60 k g K 2 0 / h a was 67 kg/ha, when grown with i r r iga-
t ion at 0.3 a tmospher i c tens ion . Bu t when irr igat ion was appl ied to t h e f ie ld 
a t 0.6 a tmosphe r i c tension, an almost s imi lar up take of К (68 kg/ha) was 
observed a t 120 kg level of K 2 0 addi t ion . Similarly, К u p t a k e of 54 k g / h a 
was observed in the plots receiving no К fert i l isat ion (K 0 ) , i r r igated a t 0.6 
a tmospher ic t ens ion ; and an a lmost similar u p t a k e (58 kg /ha) was no ted a t 
60 kg K 2 0 / h a level of К add i t ion , when i r r iga ted at a m u c h drier condi t ion 
(0.9 a tmospher i c tension). These p h e n o m e n a were more c lear ly observed in 
Table 3 
Effect of different moisture levels on total К 
uptake (kg/ha) by potato crops 
(tuber plant herbage) at different levels 
of К addition at 40th day stage of growth 
(Mean of three replicates) 
Levels of Irrigation applied at 
kg tensions (atmosphere) Mean 
0 52 54 45 50 
60 67 64 58 63 
120 76 68 60 68 
180 86 75 72 77 
240 93 90 82 88 
Mean 75 70 63 
SE m for main plot = 0.006 S E m for sub plot = 0.0139 
(irrigation) (K levels) 
C.D. 5% = 0.2 C.D. 5% = 0.4 
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Table 4 
Effect of different moisture levels on total К uptake (kg/ha) 
by potato crop (tuber -(- plant herbage) at different levels 
of К addition at harvest 
(Mean of three replicates) 
Irrigation applied at tensions 
Levels of К kg (atmosphere) Mean 
KjO/ha  
0.3 0.6 0.9 
0 49.3 48.5 40.9 46.2 
60 50.1 48.8 42.4 47.1 
120 50.7 49.3 46.1 48.7 
180 51.6 52.8 48.8 51.0 
240 52.7 54.3 52.1 53.0 
Mean 50.8 50.7 46.0 
S E m for main plot = 0.013 S E m for sub plot = 0.009 
(irrigation) (K levels) 
C.D. 5% = 0.5 C.D. 5% = 0.3 
t h e results o b t a i n e d at the h a r v e s t stage (Table 4). The a m o u n t of К u p t a k e 
(493 kg/ha) n o t e d at 0 level of К fer t i l isat ion in the field receiving i r r iga t ion 
a t 0.3 a tmosphe r i c tension was found to be t h e same in t h e f ie ld t r ea t ed w i t h 
120 kg K 2 0 / h a , b u t receiving i rr igat ion a t 0.6 a tmospher ic tens ion . Similar ly, 
t h e К u p t a k e b y the crop a t 60 kg/ha level of К fer t i l i sa t ion in t h e p lo ts 
receiving i r r iga t ion at 0.6 a tmospher ic t ens ion (488 kg/ha) was exac t ly t h e 
same as was observed in t h e plots i r r iga ted a t 0.9 a tmospher i c tension, b u t 
t rea ted wi th a higher level (180 kg K 2 0 / h a ) of potass ium. 
The r e su l t s of the p re sen t s t udy co r robora t e the f ind ings in the exper i -
men t s c o n d u c t e d by Grimme (1976), in w h i c h t h e roots of t h e tes t p lan t were 
divided b e t w e e n two media. I n one media, half of the root sys t ems was suppl ied 
wi th all t h e n u t r i e n t s except К wi th a c o n s t a n t wa te r source; t h e other m e d i u m 
was soil in w h i c h the moi s tu re and ava i lab le К contents were var ied . T h e 
results i n d i c a t e d t ha t К u p t a k e by maize was great ly r educed b y lower ing 
t h e soil m o i s t u r e content , b u t t h e v also showed t h a t t h e reduc t ion could be 
pa r t l y offset b y raising t h e q u a n t i t y of avai lable К in t h e soil. The h igher 
levels of m o i s t u r e are likely t o have enhanced t h e dynamics of soil К b y dilu-
t ion (Singh a n d Sekhon 1977), accelerated diffusion of К (Nye 1972) a n d 
reduced К f i x a t i o n (Ueddy a n d Shas t ry 1983). 
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INFLUENCE OF FOLIAR AND 
SOIL-APPLIED TITANIUM ON TOMATO 
N . R A M * , M . V E R L O O a n d A . C O T T E N I E 
L A B O R A T O R I U M VOOR A N A L Y T I S C H E E N A G R O C H E M I E , F A K U L T É I T 
V A N D E L A N D B O U W E T E N S C H A P P E N R I J K S U N I V E R S I T E I T G E N T H , BELGIË 
(Received: 30 May 1986) 
A greenhouse experiment was carried out with tomatoes to evaluate the effect 
of foliar and soil-applied Ti at 0.25, 0.5, 1 and 2 ppm levels of watersoluble Ti. Foliar 
spray was found to be the best method of applying Ti, as it significantly enhanced 
the dry matter production of tomatoes and the uptake of Mg, Ti, Al and V over control, 
while soil-applied Ti had no effect. 
Keywords: Ti tanium, foliar and soil-application, tomato , uptake. 
I n t r o d u c t i o n 
I n so i l , t h e t o t a l c o n t e n t of T i i s f a i r l y h i g h b u t i t s s t r o n g b o n d i n g w i t h 
s i l i c a t e m i n e r a l s a n d t h e i n s o l u b i l i t y o f i t s o x i d e s l e a d s t o e x t r e m e l y l o w 
a m o u n t s of s o l u b l e o r a v a i l a b l e T i ( P a i s e t a l . 1 9 7 9 ) . I n t h e r e c e n t l i t e r a t u r e , 
T i h a s b e e n r e p o r t e d t o p l a y a n i m p o r t a n t ro l e i n t h e n u t r i t i o n of c r o p p l a n t s 
( P a i s e t a l . 1977 , N a n d R a m e t a l . 1 9 8 3 , F e h é r e t a l . 1984) . T h e r e f o r e , t h e 
p r e s e n t s t u d y w a s u n d e r t a k e n w i t h t o m a t o (Lycopersicum esculentum) t o c o m -
p a r e t w o m e t h o d s o f T i a p p l i c a t i o n , n a m e l y , f o l i a r s p r a y a n d s o i l - a p p l i c a t i o n . 
M a t e r i a l a n d m e t h o d s 
The greenhouse experiment was conducted in a Belgian sandy soil-Oostakker (Udipsam-
ment) having the pH 6.8 and containing 0.22, 1.72 and 72 ppm water soluble, NH 4 OAc-EDTA 
and aque-regia extractable Ti, respectively. Two methods of Ti application (viz.: foliar spray 
and soil-application) were compared at 0.25, 0.5, 1 and 2 ppm levels of water-soluble Ti applied 
through dicyclopentadienyl t i tanium chloride (C10H10CLTi) tr iplicated in a completely ran-
domized design. One kg of soil in each pot was incubated with a nutrient solution consisting 
of 0.25 g each of N H 4 N 0 3 , CaH„P0 4 • 2 H 2 0 , K 2 S 0 4 and MgS0 4 for a for tnight a t field 
capacity moisture. For soil-application, Ti was mixed into the soil as per t r ea tments along 
with the nutr ient solution. Eight tomato seeds were sown in each pot and th inned to five 
uniform plants after emergence. The pots of the treatments of foliar spray were sprayed 
with Ti solutions at 30 and 45 days after sowing. Plants were harvested 60 days a f t e r sowing, 
washed with distilled water and, after oven-drying at 60 °C to constant weight, the dry 
matter yield was recorded. Following dry ashing at 450 °C, the chemical analysis of plant 
samples for Mg by atomic absorption and trace elements: Ti, Cu, Zn, Mn, Fe, Al and V, by an 
Inductively Coupled Plasma Spectrophotometer (Cottenie et al. 1982), was carried out . 
* Present address: Dept . of Soil Science, G. B. Pant University of Agric. Tech. Pant-
nagar, Dist : Nainital (India). 
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Results and discussion 
The da ta pe r t a in ing to t h e d r y ma t t e r y ie ld of t oma to p l a n t s presented 
in Tab le 1 reveal t h a t foliar s p r a y of Ti s ign i f i can t ly enhanced t h e dry m a t t e r 
p roduc t ion and p r o d u c e d a r e sponse of 0.442 g / p o t over control . Moreover, t h e 
Table 1 
Effect of different methods of Ti application 
on the dry matter yield of tomato (g/pot) 
M e t h o d s of Ti L e v e l o f w a t e t > o l u b l e T i <PPm) 
appl icat ion 
0.50 1.00 
Soil-application 1.504 1.604 1.749 1.704 1.638 
Foliar sp ray 1.797 1.973 2.048 1.873 1.923 
Mean 1.650 1.788 1.898 1.788 
Control 1.481 
C.D.5 % 
(i) Control vs. t rea tments 0.312 
(ii) Methods of Ti application 0.208 
h ighes t p r o d u c t i o n of dry m a t t e r , 2.048 g /po t , was noted a t 1 p p m level of 
water-soluble T i appl ied t h r o u g h foliar spray . O n the other h a n d , when Ti was 
app l i ed into t h e soil, the dry m a t t e r yield of t o m a t o was s ta t i s t ica l ly a t p a r 
w i t h tha t of c o n t r o l . I t is l ikely t h a t soil-applied T i may be r ende red unavai l -
ab l e by f ixa t ion a n d precip i ta t ion in the f o r m of T i 0 2 . 
Fo l i a r - sp rayed Ti marked ly enhanced t h e u p t a k e of Mg, T i , Al and V b y 
t o m a t o plants , wh i l e it did no t m u c h inf luence t h e up take of o the r e lements 
u n d e r s tudy ( F i g . 1). Soil-applied Ti did no t s h o w any effect on the u p t a k e , 
w h i c h was m a r k e d l y improved w i t h the increase in the levels of water-soluble 
T i applied t h r o u g h foliar spray . As compared t o control, a d d i t i o n a l u p t a k e of 
1 .58 pg/pot of T i w a s recorded d u e to the fo l ia r sp ray of Ti. 
From t h e s e resul ts , it is conc luded t h a t t h e response of t o m a t o to foliar-
s p r a y e d Ti m a y h e ascribed to t h e T i -p romoted pho tosyn the t i c ac t iv i ty (Nand 
R a m et al. 1983) a n d Ti, being a t rans i t iona l e l e m e n t , it p r e s u m a b l y inf luenced 
t h e ox ida t ion- reduc t ion processes and e n z y m a t i c act ivi ty w i t h i n the p l a n t 
(Dohro lyubsky 1961, Vlasyuk e t al. 1967) on ly low concent ra t ions of Ti h a v e 
t o be applied t o avo id prec ip i ta t ion of T i 0 2 b e c a u s e only t h e soluble forms of 
T i are easily a b s o r b e d by the l eaves (Pais et al . 1977). Foliar s p r a y up to 1 p p m 
w a t e r soluble T i w a s beneficial f o r t oma to a n d i t was in accordance with H a r a 
e t al. (1976), w h e r e the addi t ion of more t h a n 1 p p m has heen repor ted to b e 
phy to tox ic . H i g h e r pho tosyn the t i c act ivi ty l e a d i n g to higher n u t r i e n t d e m a n d 
resu l ted in t h e enhanced u p t a k e of e lements , as a consequence of foliar-
app l i ed Ti. 
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THE INFLUENCE OF HERBICIDAL APPLICATIONS 
ON SEED QUALITY OF WINTER WHEAT 
M . O D I E M A H * , S . GÁSPÁR a n d M A R O U A A T T A 
I N S T I T U T E F O R PLANT P R O D U C T I O N A N D Q U A L I F I C A T I O N , B U D A P E S T , H U N G A R Y 
(Received: 4 January 1985) 
Seed samples from three cultivars of winter wheat were treated with half , 
normal, double, fourfold and eightfold doses of eight herbicides and tested to s tudy 
the effect of these t reatments on seed quality. The results indicated that different 
doses of herbicide applications had significant effects on germination and vigour tests. 
I t was found tha t the herbicides Banvel 2,4-D, Tribunil and Arenol increased bo th 
germination and vigour percentage. Generally, the increase in dead seeds, abnormalities 
and non-vigours seedlings a f te r aging was mainly due to protein denaturation. Also 
the data showed stimulations in germination and vigour increments due to doses of 
about normal or twofold the minimum inhibitory dose of all the herbicides used. 
In addition, the different cultivars of winter wheat exhibited varying degrees of sensi-
tivity to the herbicide t rea tments applied initially for weed control. 
Keywords: Winter wheat , reed quality, herbicides. 
Introduction 
Weed cont ro l must be o b t a i n e d witli herbicides , since cul t iva t ion is n o t 
possible in no-t i l lage crops. Chemicals can solve m a n y p rob lems bu t t hey also 
c rea te new ones. The new p rob lems are solved b y the use of herbicide r o t a -
t ions or by mix tu res , in order t o broaden t h e spec t rum of weeds t ha t can b e 
control led. N o w a d a y s it is possible to control weeds effect ively wi thout r isk 
t o t h e crop, p rv ided t h a t t h e r i g h t product is app l ied at t he r i gh t t ime (Audus 
1976). However , t h e benef i t s of this posit ive effect can be reduced or even 
offse t complete ly b y p h y t o t o x i c products . T h e use of herbic ides leads to big-
ger yields, w h e r e b y the i m p r o v e m e n t increases w i th the degree of in fes ta t ion . 
I n general, t h e inf luence of herbic ides on crop yield var ied be tween a reduc-
t ion of 13% a n d an increase of 19% (Zemánek 1980). F o r example , Kees 
(1968), Mydli lova and Z e m á n e k (1976) and Kape luszny (1979) found t h a t 
herbic ide t r e a t m e n t increased t h e grain yield in winter w h e a t . 
In recent yea r s the role of herbicides in seed qual i ty has been the sub jec t 
of a considerable a m o u n t of research . Lorenzoni (1962) f i r s t r e p o r t e d t h a t v e r y 
d i lu te concent ra t ions of s imazine would s t i m u l a t e seed germina t ion and t h e 
g rowth of seedlings. An ind i rec t effect of sub tox i c levels of herbicides was 
* Permanent address: Lecturer in Crop sei. Dep., Гас. of Agric., Kafer Elshiekh, Egyp t . 
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discovered b y Schweizer and Ries (1969), hence w h e a t seed t h a t con ta ined 
more p ro t e in as the resu l t s of chemical appl icat ions or n i t rogen , increased the 
ra te of germina t ion and developed i n t o larger seedlings. T h e improved vigour 
of t h e seedlings was shown to be r e l a t ed to an increase in the pro te in in the 
endosperm of wheat (Low and Ries 1973). This increased protein c o n t e n t was 
also d e m o n s t r a t e d to be r ich in the a m i n o acids prol ine and g lu t amic acid 
(Low et al . 1972). 
T h e individual var ie t ies of w in te r w h e a t show v a r y i n g degrees of sensi-
t iv i ty t o t h e products used for weed con t ro l . These di f ferences in sens i t iv i ty 
become m o r e readily a p p a r e n t when t h e herbicide is appl ied at overdosage 
rates . F o r th is reason t r ia l s were c o n d u c t e d at twice a n d in some cases even 
more t h a n twice the r e c o m m e n d e d appl ica t ion r a t e para l le l to t r ia ls a t the 
normal r a t e (Gournay e t al. 1973). 
Since there is l i t t le in fo rmat ion avai lable on t h e effect of herbic ides on 
the seed qua l i ty of w h e a t in the second generat ion, t h e present s t u d y was 
u n d e r t a k e n to eva lua te t h e effect of d i f fe ren t doses of herbicides appl ied in 
the sp r ing on the qua l i t y of the win te r w h e a t seed p roduced . 
Material and methods 
Field experiments were set up during the growing seasons of 1981 and 1982 at the 
Agricultural Research Ins t i tu te of the Hungarian Academy of Sciences, Martonvásár. The 
materials used in this investigation included three winter wheat cultivars, Mv4. Mv8 and Mv9. 
The plants were treated with five doses, namely half, normal, double, fourfold and eightfold 
the normal dose for each herbicide, as follows: 
Herbicide Normal dose Act ive agent 
1. Arelon 
70 Wp 
2.0 kg/ha 75% isoproturon (N-(4-izzopil-phenyl)N'N-dimcthyl 
carbamide) 
2. Faneron multi 
50 Wp 
2.0 1/ha 30% bromofenoxim -f- 12% tebuthylazine /(dibromo-
4-hydroxy-benzaldehyde-0-) (2,4-dinitro-phenyl)-
oxim/ 
3. 2,4-D 2.0 kg/ha Dikamin D (40% 2,4-D = 2,4-dichloro-phenoxy-acetic 
acid) 
4. Aniten D 2.5 1/ha 30% 2,4-D + 8% flurenol (9-hydroxy-fluorene) /9/-
carbonic acid 
5. Dicuran 
80 Wp 
2.0 kg/ha 80% Chlorotoburon /N-(3-Chloro-methyl-phenyl). 
N'N'-dimethyl-carbamide/ 
6. Dikotex 3.5 1/ha 23% MCPA (2-methyl-4-chloro-phenoxy-aceric acid) 
7. Tribunil Combi 4.0 1/ha 35% methabenzthiozuron -f 40% dichloroprop (N-
methyl-N-/2-benzthiazobyl/N-N methyl-carbamide) 
(2-/2,24-dicloro-phcnoxy/-propionic acid)l 
8. Banvel M 3.0 1/ha 40% MCPA + 3% dicamba (2-methoxy-3,6-dichloro-
benzoic acid salt) 
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These application treatments were applied in the spring when the plant had 3-6 
leaves, as post-emergence herbicides. In general, all the agricultural processes and the agro-
nomic measurements were carried out according to those usually used under local experi-
mental conditions. 
Samples from the seeds produced in all the t reatments were taken to s tudy the effect 
of herbicide applications on wheat seed quality. These experiments were established as a 
randomized complete block design with four replications, a t the Institute for Plant Produc-
tion and Qualification, Budapest, in the second half of 1982 and the first half of 1983 for 
the seasons 1981 and 1982, respectively. After cleaning, the seeds were graded (greater than 
2.2 mesh). The tests carried out in the laboratory to determine seed characteristics were 
as follows: 
Standard germination test 
4 X 50 seeds of each treatment were germinated in one row on 17 X 50 cm rolled paper 
towels at 20 °C. The final counting and evaluation of the seedlings were made 7 days after 
planting. Then the percentage germination, abnormal seedlings and dead seeds were recorded 
according to ISTA rules (1976). 
Vigour test 
4 X 50 seeds of each treatment were germinated in one row on 17 X 50 cm wetted paper. 
The rolled papers were pu t into plastic bags and incubated a t 10 °C for 12 days in the dark. 
The seedlings were classified as vigorous or non-vigorous. The vigour percentage was cal-
culated from seedlings which had a coleoptile at least 4 cm long and a strong root system. 
Abnormal seedlings and dead seeds were also recorded according to ISTA rules. 
Accelerated aging test 
This test involved the exposure of small samples of seeds from all t reatments to very 
adverse conditions for a specific period. Thus, the seeds were exposed to a temperature of 
45 °C and 100% R.H. for 48 hours in a chamber in which the desired environmental condi-
tions were maintained. Germination and vigour tests on aged seeds were evaluated as de-
scribed above. 
Statistical analysis 
All the data of two seasons were collected and computed in one analysis of variance 
with three factors, because there were negligible differences between the results of the two 
years. Differences between treatment means were tested with an L.S.D. test at the 5% level of 
probability for the characters measured. 
R e s u l t s 
T h e a n a l y s e s of v a r i a n c e f o r t h e c h a r a c t e r s t e s t e d a r e s h o w n in T a b l e s 
1 a n d 2 . I t i s e v i d e n t t h a t t h e e f f e c t of h e r b i d i c e , d o s e , c u l t i v a r a n d t h e i r 
i n t e r a c t i o n s o n g e r m i n a t i o n a n d s e e d v i g o u r b e f o r e a n d a f t e r a g i n g w e r e 
s i g n i f i c a n t a t d i f f e r e n t l eve l s o f p r o b a b i l i t y . I n a f e w e x c e p t i o n a l c a s e s t h e y 
w e r e u n s i g n i f i c a n t . T h i s m e a n s t h a t t h e s e e d c h a r a c t e r i s t i c s o f w i n t e r w h e a t 
c u l t i v a r s w e r e h i g h l y a f f e c t e d b y t r e a t m e n t w i t h d i f f e r e n t h e r b i c i d e s a n d d o s e s 
a n d t h a t t h e d i f f e r e n c e s b e t w e e n c h a r a c t e r m e a n s i n r e l a t i o n t o m o s t t r e a t -
m e n t w e r e r e a l a n d s i g n i f i c a n t . H o w e v e r , t h e c u l t i v a r m e a n s q u a r e h a d t h e 
l a r g e s t m a g n i t u d e f o r al l c h a r a c t e r s e x c e p t i n t h e c a s e of n o n - v i g o r o u s s e e d l i n g s 
a f t e r a g i n g . T h e g e r m i n a t i o n p e r c e n t a g e of t h e h e r b i c i d e t r e a t m e n t s h a d a 
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Table 1 
Mean squares of herbicides (A), doses (B), cultivars (C) and their interactions 
for seed germination characteristics of winter wheat, before and after aging 
Before aging After aging 
s.o.v. d.f . Germination Abnormal Dead Germination Abnormal Dead 
"A 0 
Herbicides (A) 7 23.04*** 4.80* 19.65*** 10.27 8.59** 2.63 
Doses (B) 4 80.29*** 7.76** 76.93*** 25.39** 16.25*** 11.39* 
A x В 28 13.54*** 2.58 10.93*** 19.65** 8.96*** 6.30** 
Cultivar (C) 2 197.34*** 8.07* 139.84*** 87.55*** 83.33*** 38.56*** 
A x С 14 11.96** 2.84 5.07+ 10.98* 9.48*** 7.12* 
B x c 8 76.71*** 3.68 + 51.39*** 9.67 4.81 21.90*** 
A x B x C 56 11.62*** 3.43** 9.48*** 9.31* 4.61* 5.33* 
Error 357 4.63 1.93 3.08 6.04 3.00 3.53 
+ . ». » . . ««* Significant at 10%, 5 % , 1% and 0.1% levels of probability, respectively. 
s t rong effect on t h e response to d i f f e ren t doses, as indica ted b y t h e highly 
s igni f icant herbicide X dose in te rac t ion . Al though germina t ion and v igour were 
s imilar in significant m e a n squares , t h e responses of vigour to herbic ide and 
t h e d o s e X cult ivar in te rac t ion were d i f fe rent t h a n those of germina t ion . I t is 
obvious (Table 2) t h a t the mean squares for non-vigorous seedlings were 
a t t r i b u t a b l e to differences in v igour . 
T h e da ta in T a b l e 3 reveal s ign i f icant differences between t h e herbicide 
t r e a t m e n t s with respec t to ge rmina t ion and vigour. Nevertheless , t h e r e were 
no s ignif icant dif ferences between herbic ide means in relat ion to germina t ion 
pe rcen tage af ter aging. The excep t ion was t r ibuni l , which d i f fered insignif-
i c a n t l y f r o m arelon a n d gave a s igni f icant ly higher germinat ion percentage 
t h a t t h e other herbicides used. In general , the percentages of b o t h germina-
t ion a n d vigour decreased where t h e n u m b e r of d e a d seeds a n d a b n o r m a l 
seedlings increased a f t e r aging. 
However , v igour is considered as a good ind ica t ion of f ield emergence 
and seedl ing growth. Therefore , mos t herbicides can be ranked d e p e n d i n g on 
the decrease in v igour ; t h u s t r ibuni l , benvel , arelon, d iko tex and 2 ,4-D were 
the m o s t effective for b e t t e r seed charac ter is t ics in w in t e r wheat be fore aging. 
On t h e o the r hand, t h e order was f ene ron , benvel, a re lon, dicuran a n d t r ibuni l 
a f t e r aging. 
W i t h respect t o va ry ing doses, t h e germinat ion a n d vigour were signif-
i can t ly d i f ferent in each case, regardless of the herbic ide t r e a t m e n t used 
(Table 4). The results i nd ica t ed t h a t inc reased herbicide concen t ra t ions reduced 
the ge rmina t ion pe rcen tage and improved t h e vigour percen tage in doses higher 
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Table 2 
Mean squares of herbicides (A), doses (B), cultivars (C) and their interactions for seed vigour characteristics 
of winter wheat before and after aging 
Before 
S.O.V. 
aging After aging 
Vigorous Not vigorous Abnormal Dead Vigorous Not vigorous Abnormal Dead 
Herbicides (A) 7 335.22*** 221.98*** 15.35* 4.08 791.92*** 861.58*** 70.22*** 4.34 
Doses (B) 4 967.37*** 860.59*** 31.19*** 10.90 + 2907.59*** 2815.48*** 36.42* 7.16 
A x B 28 396.29*** 318.74*** 12.27** 4.73 3632.56*** 3179.56*** 33.50*** 8.78 
Cultivars (C) 2 6774.76*** 6351.97*** 128.66*** 41.76 5477.90*** 2656.72*** 1207.86*** 38.16** 
A x C 14 275.76*** 240.65*** 6.06 7.71 + 4185.37*** 3989.76*** 34.93** 7.28 
B x C 8 412.50*** 382.56*** 6.47 2.22 2091.94*** 2176.55*** 14.63 22.35** 
A x B x C 56 278.49*** 272.04*** 8.51* 6.32 + 1992.99*** 1847.76*** 18.18+ 8.60 
Error 357 44.63 31.96 5.86 4.93 46.56 45.42 13.88 6.87 
+ ' *' **' *** Significant at 10%, 5%, 1% and 0.1% levels of probability respectively 
Table 3 
Means for the effect of different herbicides on seed germination and vigour characteristics before and after aging in winter wheat cultivars 
After aging Overall mean 
Herbicide Germina- Ab-
 D e a ( J Vigorous N o t Ab- D e s d Germina- Ab- D e a J vigorous , N o t A b " , Dead 
s! Л— ммммая! тплмма nnsninl tion normal *ri froro 11 a n Arm a I tion normal vigorous normal vigorous normal 
Germina-
tion 
Vigorous 
0/ /о 
Arelon 95.1 2.0 2.7 81.3 13.0 3.2 2.4 93.4 2.9 3.7 61.6 27.0 8.1 3.3 94.3 71.5 
Faneron 94.6 1.7 3.7 80.0 14.2 3.5 2.3 93.2 3.0 3.8 63.1 26.5 6.4 3.1 93.9 71.5 
2,4-D 95.4 1.7 2.9 80.3 14.9 2.8 2.0 92.8 3.4 3.7 58.0 31.5 7.6 2.7 94.1 69.1 
Aniten 93.8 1.8 4.4 75.1 17.9 3.8 2.9 93.0 3.4 3.6 53.1 36.3 7.6 3.0 93.4 64.1 
Dicuran 94.8 1.7 3.5 77.9 15.3 3.7 2.6 93.0 3.7 3.3 61.3 25.6 9.5 3.5 93.9 69.6 
Dikotex 94.3 2.5 3.3 81.2 12.5 4.0 2.4 92.8 3.5 3.7 55.4 32.5 8.8 3.0 93.5 68.3 
Tribunil 95.3 1.6 3.1 82.4 11.8 2.8 2.5 94.1 2.6 3.3 59.0 31.7 6.4 2.9 94.7 70.7 
Banvel 95.6 1.8 2.6 81.5 13.4 2.7 2.4 93.1 3.6 3.4 62.9 26.9 7.3 2.8 94.3 72.2 
Mean 94.9 1.8 3.3 80.0 14.1 3.3 2.5 93.2 3.3 3.6 59.3 29.1 7.1 3.0 94.0 69.9 
•S.D. 0.8 0.5 0.6 2.4 2.0 0.9 0.8 0.9 0.6 0.7 2.4 2.4 1.3 0.9 0.8 2.4 
И 
Я 
« 
ö > 
Г" 
> 
13 
ч 
g 
n > 
н 
о 
a > 
a 
0 
01 
H 14 
a 
о 
a > 
я 
H 
3 
я 
Я 
55 
я 
M 
5 
Table 4 
Means for the effect of herbicide doses on seed germination and vigour characteristics before and after aging in wheat cultivars 
ой*  3 ' — 
5 Before aging After aging Overall mean 
Germina- Ab- Dead Vigo- Not Ab- Dead Germina- Ab- Dead Vigo- Not Ab- Dead Germina- Vigo-
tion normal rous vigorous normal t ion normal rous vigorous normal tion rous 
% 
1/2 93.4 2.3 4.3 74.6 18.9 4.3 2.2 92.3 3.9 3.8 53.1 35.1 8.5 2.9 92.8 63.8 
1 (N.) 95.1 1.8 2.5 80.1 14.2 3.0 2.3 93.4 3.3 3.2 63.1 26.1 7.8 2.1 94.6 71.6 
2 95.5 1.5 2.9 80.8 14.2 2.9 2.1 93.6 3.1 3.3 64.2 25.5 7.3 2.9 94.6 72.5 
4 94.9 1.8 3.3 81.1 12.0 3.3 2.9 93.3 3.1 3.6 53.5 36.2 7.0 3.3 94.1 67.6 
8 94.9 1.8 3.4 82.1 11.3 3.0 2.8 93.2 2.8 4.0 62.6 25.8 8.0 3.3 94.0 72.6 
Mean 94.9 1.8 3.3 80.0 14.1 3.3 2.5 93.2 3.3 3.6 59.3 29.1 7.1 3.0 94.0 69.6 
L.S.D.
 0 i M X 0.6 0.4 0.5 1.9 1.6 0.7 0.6 0.7 0.5 0.5 1.9 1.9 1.1 0.7 0.7 1.9 
Я 
Table 5 ft 
В 
Means for the effect of winter wheat cultivars on seed germination and vigour characteristics before and after aging, 
as affected by different doses of eight herbicide applications 
Before aging After aging Overall mean 
Cultiver Germina- Ab- Dead Vigo- N o t Ab- Dead Germina- Ab- Dead Vigo- Not Ab- Dead Germina- Vigo-
tion normal rous vigorous normal tion normal rous vigorous normal tion rous 
% 
Mv 4 93.6 2.0 4.3 80.1 13.0 4.3 2.4 92.5 4.1 3.4 56.5 29.3 10.8 3.0 93.0 68.3 
Mv 8 95.6 1.9 2.5 86.4 8.4 3.0 2.0 94.0 2.8 3.2 66.0 25.9 5.4 2.6 94.8 76.2 
Mv 9 95.5 1.6 2.9 73.4 20.9 2.6 3.0 93.0 2.8 4.1 55.4 34.0 6.9 3.5 94.3 64.4 
Mean 94.9 1.8 3.3 80.0 14.1 3.3 2.5 93.2 3.3 3.6 59.3 29.1 7.1 3.0 94.0 69.6 
L.S.D. o.o5% 0.5 0.3 0.4 1.5 1.2 0.5 0.5 0.5 0.4 0.4 1.5 1.5 0.8 0.6 0.5 1.5 
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t h a n twofold before aging. On t h e o ther h a n d , the r e d u c t i o n in v igour cor-
responded closely wi th increased abnormal i t i es and dead seeds when c o m p a r e d 
a f t e r aging. I n all cases, t h e percentage improvemen t s in germinat ion a n d 
vigour were t h e best at n o r m a l and t w o f o l d doses of herbic ide t r e a t m e n t s 
unde r t h e condi t ions of th is s t u d y . 
Table 5 reveals s igni f icant differences between t h e cu l t ivars in g e r m i n a -
t ion and v igour tes ts be fore and af ter ag ing . Thus t h e highest m e a n s for 
germinat ion a n d vigour percen tages were f o u n d for t h e cu l t iva r Mv 8. 
Final ly , on the basis of these resul ts , i t can be sugges ted tha t he rb ic ides 
appl ied post -emergence p rov ide good seed q u a l i t y in w i n t e r wheat cu l t iva r s a t 
t h e ra tes needed for acceptab le weed con t ro l or at a twofo ld dose. 
Discussion 
The resul t s of an accelera ted aging t e s t are more mean ing fu l when com-
pared to t h e resul t s of ge rmina t ion and v i g o u r tests ca r r ied out before ag ing . 
I n general , th i s tes t has p r o v e d to be r e a s o n a b l y successful in predic t ing t h e 
s torage life of seed lots u n d e r open s to rage conditions (Deleuche and B a s k i n 
1973). There is a s t rong belief t h a t a m a j o r cause of aging is protein d e n a t u r a -
t ion. This m a y b e caused b y cross-linking in an individual prote in molecule or 
b y prote in po lymer iza t ion . D e n a t u r a t i o n of t h e histone p ro te ins of t h e chro-
mosome would block D N A ac t iva t ion ; d e n a t u r a t i o n of e n z y m e proteins wou ld 
inac t iva te t h e m , while d e n a t u r a t i o n of m e m b r a n e pro te ins could increase t h e 
peröeabi l i ty of t h e m e m b r a n e s (Har r ing ton 1977). 
General ly , Schweizer a n d Ries (1969) found t ha t increased pro te in con-
t e n t in cereal seeds, arising due to an appl ica t ion of herb ic ide or n i t r o g e n , 
resul ted in increased seedling vigour a n d be t t e r ge rmina t ion . Never the less , 
r e t a rd ing ef fec ts on seedling es tab l i shment can be assessed in te rms of t h e 
resul t ing decrease in the measurab le "ge rminab i l i t y a n d n u m b e r of v igo rous 
seedl ings". I nh ib i t o ry ef fec ts on the ea r l y germinat ion phase are genera l ly 
accompanied b y a failure t o mobilize seed reserves. T h e carbamates , chlor-
p r o p h a m a n d b a r b a n , as well as dichlobenil and p ropach lo r re tard t h e ger-
minat ion of grass seeds a n d inh ib i t the i nduc t ion by gibberel l in of a - a m y l a s e 
synthesis in ba r l ey endospe rm tissue ( M a n n et al. 1967, Devlin a n d Cun-
n ingham 1970). Other herbicides , inc luding 2,4-D, d i c a m b a and b r o m o x y n i l 
are i n t e r m e d i a t e in their e f fec ts on both germina t ion a n d proteolyt ic e n z y m e s , 
b u t the corre la t ion between t h e responses is n o t exact a n d probably t h e ef fec t 
on the mobi l iza t ion of s to rage protein is n o t solely responsible for the inhibi -
t ion of ge rmina t ion (Ashton et al. 1968). 
The cu r r en t results showed s t imula t ions in germina t ion and vigour incre-
men t s b y doses of about n o r m a l or twofo ld of the m i n i m u m inhib i tory dose 
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f o r all t h e h e r b i c i d e s u s e d . I n t h i s c o n n e c t i o n , t h e i n h i b i t i o n o f t h e e l o n g a t i o n 
o f o a t s e e d l i n g s is q u a n t i t a t i v e l y r e l a t e d t o t h e c o n c e n t r a t i o n of 2 , 4 - D , c l o r -
p r o p h a n o r t r i f l u r a l i n i n t h e r a n g e 0 - 4 p a r t s (10 e) ( E s h e l a n d W a r r e n 1 9 6 7 ) . 
S t i l l l o w e r d o s e s of h e r b i c i d e s t h a n t h o s e r e q u i r e d f o r t h e i n h i b i t i o n o f e a r l y 
s e e d l i n g g r o w t h m a y h a v e s t i m u l a t o r y e f f e c t s ( W i d e m a n a n d A p p l e l y 1 9 7 2 ) . 
T h e p h y s i o l o g i c a l ba s i s f o r s u c h seed g e r m i n a t i o n a n d g r o w t h s t i m u l a t i o n s b y 
c o m p o u n d s w h i c h a t h i g h e r c o n c e n t r a t i o n s h a v e w i d e l y d i f f e r i n g m e c h a n i s m s 
o f h e r b i c i d a l a c t i o n , r e m a i n s o b s c u r e . 
M a x i m u m s e n s i t i v i t y t o m o s t g r o w t h - r e g u l a t i n g h e r b i c i d e s (as o p p o s e d 
t o p h o t o s y n t h e t i c i n h i b i t o r s ) i s o b s e r v e d i n t h e s e e d l i n g e s t a b l i s h m e n t p h a s e . 
F o r e x a m p l e , A n i t e n D w a s n o t i n h i b i t o r y t o t h e g e r m i n a t i o n of w h e a t b u t 
d e f i n i t e l y i n h i b i t e d s e e d l i n g g r o w t h . H o w e v e r , d i f f e r e n t c u l t i v a r s of w i n t e r 
w h e a t s h o w e d v a r y i n g d e g r e e s of s e n s i t i v i t y t o t h e h e r b i c i d e t r e a t m e n t s u s e d 
p r i m a r i l y f o r w e e d c o n t r o l . 
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INFLUENCE OF IAA AND DMAA ON FIYOSCYAMINE 
AND SCOPOLAMINE PRODUCTION 
IN DATURA STRAMONIUM VAR. TATULA 
H . VAN D E V E L D E , К . D E M E Y E R a n d R . D E J A E G E R E 
I N S T I T U T E FOR M O L E C U L A R BIOLOGY, V R I J E U N I V E R S I T E I T B R U S S E L S , BELGIUM 
(Received: 27 J u n e 1986) 
The influence of two natural growth regulators IAA (indole-acetic acid, auxin) 
and DMAA (dimethylallylaminopurin, cytokinin) has been studied on the develop-
ment and alkaloid production of Datura stramonium. 
Both phytohormones seemed to accelerate the development and improve the 
alkaloid content. These combined effects resulted in an important increase of the 
alkaloid yield: 10 s M DMAA and 1 0 ' 6 M IAA seemed to have the most favour-
able influence. 
Keywords: Datura stramonium, DMAA, hyoscyamine, IAA, scopolamine. 
In t roduc t ion 
Hyoscyamine and scopolamine a re ant ichol inergic alkaloids p r o d u c e d 
by several Solanaceae. R o t h can be synthes ized but t h e process r e m a i n s eco-
nomical ly unfavourab le a n d therefore t h e y are still d e r i v e d from p l a n t s . 
T h e development a n d alkaloid p roduc t ion of p l a n t s can be i n f l u e n c e d 
b y t e m p e r a t u r e (Elzenga e t al. 1956) a n d l ight (Cosson 1969). The a d m i n i s t r a -
t ion of minera ls (Nowacki e t al. 1974) or p lan t h o r m o n e s (Fish 1960, Madan 
and K u n d u 1962, J a m e s a n d Sciuchet t : 1964, Sinha a n d Varma 1974, Gup ta 
and M a d a n 1975) also a f f ec t s the g r o w t h of the p l a n t s and t h e alkaloid 
synthesis . 
In our inves t iga t ions we used Datura stramonium var . tatula L . Torr , 
and s tud ied t h e effect of d i f fe rent IAA a n d DMAA concent ra t ions (10~ 4 , 10~° 
and 10~8 M) on the deve lopmen t and a lkaloid con ten t of the plants . 
We also tried to f i n d out w h e t h e r these g r o w t h substances di rect ly 
inf luenced t h e rate of a lka lo id synthesis or whether t h e y acted ind i r ec t ly via 
their effect on the deve lopmen t of the p l an t s . 
Material a n d Methods 
Culture method 
Datura stramonium var . tatula L. Torr, seeds (National Botanical Garden, Meise) were 
incubated for 2 hours in de-ionised water and sown in pots on vermiculite (3 plants/pot) . The 
plants were cultivated in a phy to t ron (60% R H ; 16/8 h day/night l ight cycle; 23/15 °C day/night 
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Table 1 
Composition of the macro elements in the treatments 
A + С = <»> 40 m e q l - t 
NO3 SO}- H0PO7 K+ Ca++ Mg+ + 
60 20 20 20 60 20 
temperature). The hormones were f i r s t dissolved in 0 . 3 % ethanol. We applied 6 hormonal 
t reatments (10~4, 10~c and 10~8 M I A A and DMAA) and one control solution (0.3% ethanol; 
p H 7.1 ± 0.1). The p H of the 10" 4 M IAA solution h a d to be adjus ted with TRIS. After 
2 weeks we administered a mixed solut ion of hormone, m a j o r elements (Demeyer and Dejaegere 
1986) (Table 1) and minor elements (Johnson 1957) (Table 2). The p H of the composed solu-
t ion with 10~4 M IAA no longer had to be corrected wi th TRIS. 
Table 2 
Composition of the micro 
elements in the treatments 
K C 1 3 0.0500 mM 
H 3 B 0 3 0.0250 rnM 
MnS04 • H , 0 0.0020 mM 
ZnS04 • 7 H 2 0 0.0020 mM 
CuS04 • 5 H 2 0 0.0005 mM 
H,Mo0 4 0.0005 m M 
F e - E D T A 0.0200 mM 
Harvest 
Samples (9 plants/treatment) were taken every 4 weeks during 24 weeks. 
The leaves, s tems and roots were dried separately at 45 °C for 72 hours (Gupta et al. 
1973) and the dry weight of the leaves and the stems was determined (in t h e case of the roots 
it was impossible to remove the vermiculi te withour loss of plant material) . 
The dried p lan t material was stored in the dark a t 4 °C in polyethylene flasks in t he 
presence of CaCl2. 
Extraction and determination of hyoscyamine and scopolamine content 
We used a modification of me thods described b y Parker et al. (1963) and Cosson and 
Vaillant (1976) as already reported b y Demeyer and Dejaegere (1986). 
i l g dried and powdered sample was extracted with methanol in a "Soxhlet" for 
5 hours together wi th the internal s t anda rd homatropine (SIGMA). 
The extract was evaporated, acidified with 10 ml 0.1 N H 2 SO, a n d extracted wi th 
10 ml CC14. 
After separation, the CC14 f r ac t ion was removed and the water layer was basified 
wi th 1 ml 25% N H 3 and extracted w i t h 10 ml CHC13. 
The CHCI3 f rac t ion was concentrated in a serum flask. 
1.0 p\ sample was injected in a 120 DFL " I n t e r s m a t Gas Chromatograph", equipped 
wi th a flame ionisation detector (glass spiral tube 1.5 m X 6.35 mm i.d., f ixed carrier varapor t 
30 100/120 mesh, s teady layer 5% SE-52, carrier gas N , 37 ml/min, inject ion temperature 
270 °C, column temperature 230 °C, detection temperature 240 °C). 
Each sample was injected 3 t imes and the chromatogram was d r a w n by a "Tarkan 
W + W Recorder 600". 
The peak areas were calculated with a "Hewlet t Packard 3370 A Integrator" . 
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Results and discussion 
Growth and development 
T h e p h y t o h o r m o n e s already seemed to inf luence t h e germina t ion . In gen-
eral t h e lower concent ra t ions (10 ~6 a n d 10 M D M A A and IAA) accelerated 
t h e germina t ion , as compared w i th t h e control, while t h e higher concen t ra t ion 
(10 M) had l i t t le or no effect (F igu re 1). Mayer a n d Po l j ako f f -Maybe r (1966) 
C o n t r o l 
10" ' M D M A A 
1СГ6 M D M A A 
10"e M D M A A 
1 0 " ' M I A A 2 6 % 
10"6 M I A A 5 2 % 
Ю "
8
 M I A A 4 6 % 
Fig. 1. Influence of the treatments on germination after 4 weeks (%). In comparison with 
the control, the lower hormonal concentrations (10 - 6 M and 1 0 - 8 M) accelerated the germina-
tion while the higher concentration (10 4 M) had little or no effect 
no t i ced a similar in f luence of k i n e t i n e on the germina t ion of seeds and at-
t r i b u t e d this to an increased seed sensibi l i ty for l igh t . 
F o r IAA t h e d a t a found in l i t e ra tu re are con t rad ic to ry a n d seem to 
d e p e n d upon t h e h o r m o n e concen t ra t ion ; species, t e m p e r a t u r e a n d l ight . We 
shou ld also consider t h e possibi l i ty of in teract ions be tween I A A a n d DMAA 
t h a t c a n be synerget ic or an tagonis t ic . 
F o r the r e m a i n d e r of this discussion, the resul t s are r e s t r i c t ed to the 
observa t ions of t h e leaves. In genera l nei ther of t h e p lan t ho rmones affected 
t h e d r y weight d u r i n g the f i rs t 20 weeks of t h e exper iment (Fig . 2 and 3). 
T h e r e a f t e r the con t ro l plants s t o p p e d growing while the t r ea t ed p l a n t s grew 
f u r t h e r . 
T h e same ef fec t was also obse rved b y Sinha a n d Varma (1974) in Datura 
innoxia t r ea ted w i t h IAA. Auxins normal ly p r o m o t e cell e longat ion . 
Dur ing the f i r s t weeks of t h e exper iment t h e p lan t s t r e a t e d w i t h 10 _ 4 M 
I A A showed a r e t a r d a t i o n in t h e i r deve lopment . This effect g r adua l ly dis-
a p p e a r e d wi th t i m e . 
Dur ing the f i r s t 2 weeks a f t e r sowing however , T R I S was u s e d to ad jus t 
t h e p H of this t r e a t m e n t . The b u f f e r possibly r e t a r d e d the deve lopmen t of 
t h e p l an t s as i t is known to i n h i b i t t he act ion of IAA on cell elongation 
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12 16 
Time ( w e e k s ) 
Fig. 2. Dry weight of the leaves as a funct ion of time for the DMAÀ treatments. The hormone 
did not affect the dry weight during the first 20 weeks. Thereaf ter the control plants stopped 
growing while the DMAA treated plants grew further. 10 4 M DMAA remained toxic during 
the whole experiment 
Fig. 3. Dry weight of the leaves as a funct ion of time for the IAA treatments. IAA did not 
affect the dry weight unti l after 20 weeks. Then the control plants stopped growing while 
the IAA treated plants grew further. The 10~4 M IAA t rea ted plants showed a retardation in 
their development during the f irst weeks, but this effect disappeared with time 
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(Kholdebar in 1981). I n t h e case of t h e cytokinin o u r observat ions seemed 
con t rad ic to ry with t hose of L u a n r a t a n a and Griffin (1980) who did n o t f ind 
any in f luence of k ine t ine . B A P or D M A A on the g r o w t h of a Duboisia hyb r id . 
However , the i r expe r imen t lasted for 16 weeks while w e only observed a sig-
ni f icant inf luence a f t e r t h i s period. S m i t h and Van S t a d e n (1978) sugges ted 
t ha t t h e cytokinins m a y h a v e an effect b y interact ing w i t h internal gibberel l ins. 
I n our exper iment we also no t iced t h a t 10 ~4 M D M A A rema ined toxic 
during t h e whole inves t iga t ion . This observa t ion was a lso made by H a l l (1973) 
who r e p o r t e d t ha t h igh cytokinin concent ra t ions i nh ib i t the g r o w t h of 
plant cells. 
B e t w e e n IAA a n d DMAA the re were no s ign i f i can t differences. For 
bo th ho rmones the h ighes t crop yield was obtained w i t h 1 0 _ 8 M . 
I t is impor t an t t o men t ion also t h e fac t tha t fo r all t r ea tmen t s m o s t of 
the f lowers desiccated be fo re developing their f ru i t . I n s t e a d the p l a n t s im-
media te ly s ta r ted b r a n c h i n g . This was p robably due t o t h e 16/8 h d a y / n i g h t 
light cycle we set up, as such an effect was also observed with Datura innoxia 
(Cosson 1969). 
Alkaloid Content 
Again only the r e su l t s for the leaves are given. Figures 4, 5, 6 a n d 7 
show t h a t fo r all t r e a t m e n t s scopolamine remained t h e m a i n alkaloid. 
I n y o u n g Datura stramonium p l a n t s scopolamine normally domina t e s , 
bu t a t t h e s tage of f l ower ing the hyoscyamine c o n t e n t increases whi le the 
scopolamine content decreases cont inuous ly . Finally t h e rat io hyoscyamine / 
scopolamine reverses t o hyoscyamine . 
I n ou r exper iment however , scopolamine r e m a i n e d t h e most i m p o r t a n t 
alkaloid. This was p r o b a b l y caused b y t h e light cycle (16 h " l i g h t " — 8 h 
" n i g h t " ) we used. 
As a l r eady cited, m o s t of the f lowers des iccated and never r eached 
m a t u r i t y . W e assume t h a t the light cycle did not d i r e c t l y influence t h e sco-
polamine con ten t , bu t t h a t this con ten t is correlated w i t h the stage of f lower-
ing. Norma l ly the e p o x y d a t i o n of hyoscyamine to scopolaminé lessens a t th is 
period. However , due to t h e light cycle, v e r y few f lowers developed a n d so the 
epoxyda t ion cont inued. Th i s could exp la in the rise of t h e scopolamine con-
t en t un t i l t h e end of ou r exper iment . T h e increase of t h e scopolamine c o n t e n t 
caused b y a 16/8 h d a y / n i g h t light cycle was also o b s e r v e d by Cosson (1969) 
and Cosson et al. (1978). 
T h e t empora l decrease of the hyoscyamine and scopolamine c o n t e n t in 
the leaves of the control p l a n t s be tween t h e 8th and t h e 12tli week w a s cor-
related w i t h an increase of t h e hyoscyamine content in t h e roots. We assume 
tha t t h e produc t ion of a lkaloids kep t on b u t t ha t t h e i r t ranslocat ion t o the 
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u p p e r p l a n t p a r t s w a s r e d u c e d , e v e n t u a l l y c o n n e c t e d w i t h a d e g r a d a t i o n i n t h e 
s t e m s a n d / o r i n t h e l e a v e s . 
A f t e r t h i s p e r i o d t h e a l k a l o i d c o n t e n t r o s e a g a i n i n t h e l e a v e s of t h e 
c o n t r o l p l a n t s , h u t a f t e r 2 0 w e e k s t h e h y o s c y a m i n e c o n t e n t d e c r e a s e d a g a i n 
Time ( w e e k s ) 
Fig. 4. Hyoscyamine content in the leaves for the DMAA treatments. I n general the hyoscy-
amine con ten t kept on rising unti l the end 
Time ( w e e k s ) 
Fig. 5. Hyoscyamine content in t h e leaves for the IAA treatments. Dur ing the first weeks 
of the development the IAA treated plants used all energy and glutamic acid for their growth. 
Later they spent the excess of energy and glutamic acid for the product ion of alkaloids 
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in t h e whole plant . Since this was corre la ted wi th a reduced deve lopmen t , we 
suppose this was a r e su l t of a decreased synthesis . 
In general fo r DMAA t h e hyoscyamine c o n t e n t (Figure 4) and the 
scopolamine con ten t (F igure 6) k e p t on rising un t i l t h e end. Since cytokinins 
are k n o w n to keep u p t h e metabol i sm of the p l a n t a n d re ta rd t h e leaf senes-
cence, t h e increased c o n t e n t could b e due to an en la rged synthesis as well as 
to a f a s t e r t r ans loca t ion ( t ranspi ra t ion) . A similar in f luence of cy tok in ins on 
the alkaloid content w a s also observed b y L u a n r a t a n a a n d Griffin (1980, 1982). 
F o r IAA the hyoscyamine a n d scopolamine c o n t e n t remained less t h a n 
those in the control p l a n t s unti l t h e 20 th week (F igures 5 and 7). This indi-
ca ted a n overall dec reased synthesis . At t h e end of t h e exper iment t h e alkaloid 
c o n t e n t rose again in t h e whole p l a n t . This effect was also not iced b y Sinha 
and \ a r m a (1974) in Datura innoxia. J o n a s (1969) sugges ted t ha t I A A increases 
the s u p p l y of energy in t h e p lant b y inf luencing t h e pen tose p h o s p h a t e pa th -
w a y . Moreover I A A promotes t h e glyoxylate cycle which means t h a t the 
g lu t amic acid con ten t increases. B y w a y of orni th ine t h e synthesis of alkaloids 
can also he enlarged. 
Y o u n g plants u s e all available energy for t h e i r growth. In good condi-
t ions, adu l t p lants h a v e enough reserves so t h a t t h e y keep on growing and 
p roduc ing secondary metabol i t es a t t h e same t ime. If IAA promotes t h e pen-
tose p h o s p h a t e way a n d t h e g lyoxyla te cycle, t he re will be an evolut ion dur ing 
t h e deve lopment . D u r i n g the f i r s t weeks of t he i r development , t h e IAA 
t r e a t e d p lants use all energy and g lu t amic acid for t h e i r growth. L a t e r , when 
t h e reserves are l a rge enough, t h e y spend the excess of energy a n d g lu tamic 
acid fo r t h e p roduc t ion of alkaloids. This is wha t we no t iced in our expe r imen t . 
Alkaloid Yield 
B o t h growth regu la to r s i m p r o v e d deve lopment as well as a lka lo id con-
t en t . T h e s e effects r e su l t ed in a r e m a r k a b l e increase of t h e to ta l a lka lo id yield 
Table 3 
Total alkaloid yield (hyoscyamine + 
scopolamine) in the leaves 
Treatment 
Total alkaloid yield 
(«g/plant ± a m ) 
Control 404.982 + 82.144 
10 4 M DMAA 6.253 ± 0.005 
10" M DMAA 839.900 ± 263.007 
io - « M DMAA 1812.178 ± 184.324 
10" 4 M IAA 206.702 + 1.143 
10" r'M IAA 1386.450 ± 269.704 
i o - » M IAA 885.504 ± 260.711 
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X) 
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О) 
E 
1 -
0 
Fig. 6. Scopolamine content in the leaves for the DMAA treatments. Scopolamine remained 
the main alkaloid dur ing the whole experiment . The scopolamine content rose until the end, 
while normally the epoxydation lessens at the stage of flowering (20th week) 
Time ( w e e k s ) 
Fig. 7. Scopolamine content in the leaves for the IAA treatments. Scopolamine remained 
the most important alkaloid. The young plants first used their energy and glutamic acid for 
the i r development, while the adult p l an t s had enough reserves to produce alkaloids at the 
same time 
* * 1 0 4 M DMAA, • • 1 0 " 6 M DMAA, • * 10 8 M DMAA, • • control 
(Figs 2, 4 and 6) 
* * Ю-" M IAA, • - • 10"° M IAA, * * 10 8 M IAA, • • control 
(Figs 3, 5 and 7) 
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(hyoxcyamine + scopolamine). Table 3 shows that 10 ~8 M DMAA increased 
the total alkaloid yield with a factor 4.5, 10 ~e M I A A improved it more than 
3 times. 
We may thus conclude that the administration of IAA and D M A A led 
to an important increase of the alkaloid production in Datura stramonium 
var. tatula. 
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ALLELOPATHIC ACTIVITY 
OF CIRSIUM ARVENSE (L.) SCOP. IN HUNGARY 
L . K O V Á C S , J . M I K U L Á S and E . P Ö L Ö S 
R E S E A R C H INSTITUTE F O R V I T I C U L T U R E A N D ENOLOGY, U N I V E R S I T Y O F H O R T I C U L T U R E , 
KECSKEMÉT, H U N G A R Y 
(Received: 21 April 1986) 
Field observations have indicated tha t the recent build-up of certain weed 
species can be a t t r ibuted to allelopathic activity. This f inding was supported by 
laboratory studies of Sorghum halepense a few years ago. The objective of the present 
research was to examine the allelopathy of Cirsium arvense on wheat, barley, lucerne 
and cucumber. Wheat and barley seedlings treated with ext rac ts from the roots and 
foliage of the weed showed a significant inhibition in the growth of coleoptil and seminal 
rootlets. The radicle growth of lucerne and cucumber was also checked. Significant 
inhibition of germination was only found in lucerne. The extracts also lowered the 
ra te of top growth and dry matter production of young whea t plants. 
Keywords: Sorghum halepense, Cirsium arvense, al lelopathy. 
In t roduc t ion 
Chemical weed con t ro l has become a common p rac t i c e in H u n g a r y dur ing 
the pa s t few decades. R e g u l a r herbicide t r ea tmen t s h a v e resulted in consider-
able changes in weed popu la t i on : t h e divers i ty of w e e d species has lowered, 
while some species, pa r t i cu l a r ly perennia ls , have bu i l t u p to a great e x t e n t . 
I t is a s s u m e d t ha t in a d d i t i o n to to le rance and res is tance to herbicides, allelo-
pa thy also plays an i m p o r t a n t role in t h e build-up of cer ta in weeds, because 
al lelopathic species m a y h a v e even t h e greater a d v a n t a g e over o t h e r p lan t 
species, as t h e la t ter b e i n g s tun ted b y herbicides can b e more easily ki l led by 
ellelopathic chemicals. 
Observing phytosociological changes in weed popula t ions , it was f o u n d 
tha t in terspecif ic e f fec t s of certain successful species can be a t t r i b u t e d to 
al lelopathic act ivi ty. Species though t t o be allelopathic a re as follows: Sorghum 
halepense ( Johnsongrass) , Cirsium arvense (Canadian thist le) , Abutilon theo-
phrasti (velvetleaf) , Cynodon daclylon (Bermuda grass) , Conyza canadensis 
(Canadian f leabane) a n d Digitaria sanguinalis (hairy f inger-grass) . These obser-
vations a re suppor ted b y t h e results of extensive expe r imen ta l work (Bieber 
and H o v e l a n d 1968, B e n d a l l 1975, B h o w m i k and Dol l 1982, Horowi t z and 
F r i e d m a n 1971, K o b a y a s h i et al. 1980, Schreiber a n d Vill iams 1967). 
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Allelopathy tests a n d results 
J o h n s o n g r a s s (Sorghum halepense L. Pers . ) was t h e f i r s t of the a b o v e 
species t e s t e d in the l a b o r a t o r y to bear o u t i t s allelopathic ac t iv i ty (Mikulás 
1981). P h y t o t o x i c extracts f r o m the rh izomes of Johnsongra s s were s tud ied 
using r ed roo t pigweed a n d ma ize as t h e t e s t species. T h e germinat ion per -
centage of p igweed seeds t r e a t e d with rh izone extracts was lowered as well as 
t h a t of r ed roo t pigweed seeds germina t ing on rhizome slices. T h e ext rac ts also 
caused ma l fo rma t ions on t h e seedlings. T h e growth of m a i z e seedlings w a s 
s ignif icant ly inhib i ted by t h e ex t rac t s . The g rowth of maize r o o t s was checked 
t o a greater e x t e n t than t h a t of maize t ops . A considerable d rop in t h e d r y 
m a t t e r p r o d u c t i o n of the t r e a t e d p lants was also observed. T h e ra te of inhibi-
t ion increased w i t h an increas ing concen t ra t ion of the e x t r a c t s . 
In t h e a l le lopathy t e s t of Cirsium arvense great use w a s made of expe-
riences ga ined in the a l l e lopa thy tes t of Johnsongrass . 
The p h y t o t o x i c i t y of e x t r a c t s f r o m Canadian th is t le [Cirs ium arvense 
(L.) Scop.] w a s studied us ing w h e a t , bar ley , lucerne and c u c u m b e r seeds. T h e 
ex t rac t s f r o m foliage and r o o t s were applied in different concen t ra t ions (25.50 
a n d 100%). T h e i r effect on t h e root g rowth of the test species is shown in 
Fig . 1. I t can b e seen tha t t h e e x t r a c t s were m o s t effective on t h e radicle g rowth 
of lucerne. T r e a t e d with t h e m o s t concen t ra t ed foliage e x t r a c t , lucerne showed 
a 7 0 % drop in radicle g rowth . 
E x t r a c t s were also v e r y effect ive on t h e growth of t h e seminal roots of 
whea t . The roo t l e t s of whea t p l a n t s ge rmina t ing in 100% fol iage ex t rac t were 
50 .6% shor te r t h a n those of t h e control p l a n t s . 
Table 1 shows the e f f e c t of ex t rac t s f r o m C. arvense o n the coleoptil 
g rowth of w h e a t and bar ley. "Wheat p roved t o he much m o r e susceptible t o 
t h e extracts t h a n did barley. T h e length of t h e coleoptil of w h e a t t rea ted w i t h 
t h e extracts w a s 71.3% sho r t e r t h a n t h a t of control plants . 
Table 1 
Effect of extracts of Cirsium arvense on the coieoptil growth 
of wheat and barley 
(coleoptil lengths, mm, 72 h af ter germination) 
Test p lant s 
Concentra-
tion of 
Part of plant extracted L S D 
extracts 
(%) Fol iage Root Control P < 0.05 P < 0.01 
25 25.6 33.0 2.85 
Wheat 50 22.4 29.2 33.4 3.21 3.12 
100 9.6 18.4 2.10 3.47 
25 10.7 10.8 — — 
Barley 50 8.0 8.3 11.8 1.98 3.05 
100 7.9 7.7 2.34 2.40 
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F, : F o l i a g e ex t rac t , 100 % 
F2 : Fo l i age ex t rac t , 50 7« 
F 3 : F o l i a g e e x t r a c t , 25 7 . 
R, : R o o t ex t rac t , 100 7 . 
R 2 : Roo t e x t r a c t , 50 7 . 
R 3 : Roo t ex t rac t , 25 7 . 
С : C o n t r o l 
Fig, 1. Effect of extracts of C. arvense on the growth of radicle/seminal roots of the test species. 
The left scale indicates the length of roots in terms of millimetre while the right scale indicates 
it as a percentage of the control 
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Table 2 
Effect of extracts of Cirsium arvense on the dry matter 
production of wheat 
(Dry weight, eg, 13-day-old plants) 
Concentra- Part of plant extracted LSD 
Plant t ion of 
parts extracts 
(%) Foliage Root Control P < 0.05 P < 0.01 
2 5 7 . 5 9 . 0 1 . 6 2 
Roots 5 0 6 . 5 8 . 0 9 . 4 2 . 2 0 1 . 3 0 
1 0 0 7 . 0 7 . 3 0 . 7 4 1 . 3 4 
2 5 5 . 8 6 . 1 — 
Top 5 0 5 . 1 5 . 5 6 . 2 1 . 0 1 — 
1 0 0 4 . 6 5 . 0 1 . 4 8 1 . 1 4 
T h e number of semina l roots p roduced by w h e a t and bar ley ge rmina ted 
in e x t r a c t s was lower t h a n t h a t of con t ro l plants . A f t e r 7 days of incuba t ion 
the germina t ion pe rcen tage of t h e seeds was recorded. A signif icant inhibi t ion 
of ge rmina t ion was f o u n d in lucerne. T h e percentage of seeds not ge rmina ted 
due t o t h e extracts w a s as high as 35 .5%. No s igni f icant difference was ob-
served be tween the t r e a t e d and cont ro l p lants in t h e germinat ion of whea t 
and cucumber . 
T h e effect of C. arvense e x t r a c t s on the t o p g rowth and d r y m a t t e r 
p r o d u c t i o n of young w h e a t p lan t s was also s tudied. N u t r i e n t s and w a t e r was 
p rov ided for the p l a n t s f r o m a n u t r i e n t solution con ta in ing ex t r ac t s in dif-
f e ren t concent ra t ion . T h e ra te of inh ib i t ion of t o p g rowth increased w i t h in-
creas ing t h e concen t ra t ion of the e x t r a c t s . The h igher concen t ra ted ex t r ac t s 
were appl ied , and t h e lower ra te of t o p growth occurred . 
T h e ra te of inh ib i t ion increased w i th the increas ing concent ra t ion of the 
e x t r a c t s in all tests . On an average e x t r a c t s f rom fol iage proved to be more 
ef fec t ive t h a n those f r o m roots ; the re fo re i t was concluded t h a t greater a m o u n t s 
of p h y t o t o x i c metabol i t es are con ta ined in the leaves t h a n in the roots . Of the 
tes t species, lucerne was most seriously affected b y t h e ex t rac t s . 
These f indings a re also s u p p o r t e d b y the resul ts of Wilson (1981), who 
repor t s t h a t , of several crop species, lucerne was f o u n d to he most suscept ible 
to t h e ex t r ac t s of C. arvense. 
T h e above res idts suggest , t h a t a l le lopathic agen ts conta ined in C. arvense 
m a y p l a y an i m p o r t a n t role in the r ecen t bui ld-up of th i s noxious weed. 
Inves t iga t ions con t inue to ob t a in f u r t h e r i n f o r m a t i o n on t h e a l le lopa thy 
of C. arvense and o the r weed species. 
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Plant genetics 
THE IDEAL HARVEST INDEX 
FOR FORAGE MAIZE ( Z E A MAYS L.) 
UNDER CONTINENTAL CLIMATE 
L . P I N T É R * , J . S C H M I D T * * , G . K E L E M E N * * and J . S Z A B Ó * * 
* A G R I C U L T U R A L U N I V E R S I T Y , D E P A R T M E N T OF CROP SCIENCE, K E S Z T H E L Y , H U N G A R Y 
*• A G R I C U L T U R A L U N I V E R S I T Y , MOSONMAGYARÓVÁR, H U N G A R Y 
(Received: 18 March 1986) 
Under a continental climate, an investigation of the effect of harvest index on 
the starch value or energy concentration indicates tha t the ideal silage maize hybr id 
needs at least 30% kernel proportion. Above this value the main objects of breeding 
would be for higher dry matter yield and the better digestibility of vegetative plant par t s . 
Keywords: Continental climate, harvest index, starch value or energy con-
centration, Zea mays 
Int roduct ion 
The opinions of researchers working u n d e r different c l ima te condi t ions 
differs concerning the ideal h a r v e s t index. P e r r y a n d Caldwell (1969), B u n t i n g 
(1976) found t h a t there is no need for any gra in . The assimilates are s tored in 
t h e vege ta t ive p l a n t par t s in a s imilar ly well-digestible fo rm, as in the kerne l . 
Smi th et al. (1963), Fisher et al . (1968) emphas ize the i m p o r t a n c e of a h i g h 
kerne l p ropor t ion even a t t h e expense of d r y m a t t e r yield. Th i s can be a t -
t r i b u t e d basical ly t o t h e c l imat ic condit ions, pr imar i ly to l igh t and t e m p e r -
a t u r e condi t ions (Hillis and Swain 1957, S t a t f o r d 1964, D e i n u m and D i rven 
1971). Lignin develops only in a res t r ic ted q u a n t i t y at lower radia t ion a n d 
t e m p e r a t u r e , the re fo re it does n o t inhibi t t h e digestibil i ty of s t ruc tu re ca rbo-
h y d r a t e s and o t h e r chemical componen t s . 
Our specif ic object ive was t o de termine t h e harvest i n d e x region, be low 
which the s t a r ch value or ene rgy concent ra t ion of forage, decreases s ignif i-
can t ly in order t o obtain new ideas for silage maize b reed ing under a con-
t inen ta l c l imate . 
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Material a n d methods 
In t he earlier similar studies different genotypes were used to represent the harvest 
index variat ions (Gallais et al. 1976, Wermke and Theune 1980). In other research studies 
the harvest index treatments were carried out by removal or addit ion of the ears a t harvest 
stage, and change of the harves t height and different plant densities (Fisher et al. 1968, 
Andrien and Demarquilly 1974, Cummins and Burns 1969, Phipps et al. 1981, respectively). 
On considering the problems of the above investigators, we obtained our harvest index 
treatments using the same genotype [(W64A X A632)-F5Fix)] and the same p lan t density 
(4 plant/m), isolating ear pr imordia of 0.0%, 75 .0%, 50.0% and 25.0% of whole plant number 
by hand, on the population level. If the different harvest index variations were obtained by 
having different genotypes, or by the mentioned artificial manipulations, the digestibility of 
the whole p lan t was influenced not only by kernel proportion, bu t also by the presumably 
different digestibility of vegetat ive parts. On the other hand, in the case of removing and 
adding the ears at harvest s tage, the harvest index was influenced artificially, so the plant 
was unable to translocate assimilates to the other plant parts. 
Our statements are based on one hand upon field trials, using above-mentioned treat-
ments, and on the other hand upon animal tests . 
Field trials were carried out at the Ságvári (Research Station of Cereal Research 
Institute in Szeged) in 1982 and (at the Research Station of the University in Mosonmagyar-
óvár) in 1983, without replication, because the main goal was to obtain enough forage for 
animal experiments. The plant ing times were 28th of April and 3rd of May 1982 and 1983 
respectively, with a row distance of 70 cm. Three seeds were sown per hole by a handgun. 
The thinning was carried out a t the 6-8 leaf stage, leaving only one plant per hole. Harvest-
ing took place a t 30% whole p lan t dry matter content , using a Plotmaster Universal Hydro-
static 2R combine and obtaining an excellent mixture of plant yield. 
Each treatment was p u t into a plastic container and af ter fermentation was used to 
determine t he in vivo digestibility with sheep. This process was based on the examination of 
differences between the fed forage, and the faeces plus the urine, in their chemical content. 
Six 45-50 kg sheep were fed on each t r ea tmen t , first for a ten-day training period fol-
lowed by a ten-day experiment period. Crude protein, crude f iber, crude fat, ash and N-free 
extract were determined. On one hand the in vivo digestibility was based on the previously 
mentioned determination of forage, faeces and urine. On the other hand, the chemical com-
ponents of forage were used a t starch value calculation. The s tarch value of different treat-
Harvest index (%) 
*««= P01% 
Fig. 1. E f fec t of harvest index on the starch value 
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ments has contained the in vivo digestibility of the above chemical components according to 
their various treatments and chemical figures. So the differences in starch value originate 
from both the differences of in vivo digestibility and the differences of chemical values. 
R e s u l t s a n d d i s c u s s i o n 
A c c o r d i n g t o F i g . 1 t h e s t a r c h v a l u e o r e n e r g y c o n c e n t r a t i o n of s i l a g e is 
p r a c t i c a l l y t h e s a m e if t l i e h a r v e s t i n d e x of f o r a g e d e c r e a s e s f r o m 4 0 % t o 3 5 % . 
I n t h i s c a s e t h e s m a l l e r q u a n t i t y of n u t r i t i v e v a l u e of a s s i m i l a t e s a c c u m u l a t e d 
i n g r a i n y i e l d c a n s t i l l b e c o u n t e r b a l a n c e d b y t h e b e t t e r n u t r i t i v e v a l u e of 
v e g e t a t i v e p a r t s . 
U n d e r o u r c o n t i n e n t a l c l i m a t i c c o n d i t i o n s , e v e n a k e r n e l p r o p o r t i o n of 
3 0 % c a n b e a c c e p t e d if i t r e s u l t s i n a s i g n i f i c a n t i n c r e a s e o f d r y m a t t e r y i e l d . 
T h e r e s u l t s e m p h a s i z e t h a t , b e l o w t h i s h a r v e s t i n d e x , t h e s t a r c h v a l u e o r 
e n e r g y c o n c e n t r a t i o n d e c r e a s e s s i g n i f i c a n t l y . 
O u r c o n c l u s i o n a g r e e s w i t h t h o s e of F a i r e y (1980) , D e i n u m a n d B a k k e r 
(1981) , Y a t t i k o n d a a n d H u n t e r ( 1 9 8 3 ) ; t h a t i s , t h e d i g e s t i b i l i t y of v e g e t a t i v e 
p l a n t p a r t s i s v e r y i m p o r t a n t f r o m t h e s t a n d p o i n t of s i l a g e m a i z e b r e e d i n g , 
b u t w e h a v e t o s t r e s s t h a t t h e i d e a l t y p e o f f o r a g e m a i z e n e e d s a t l e a s t 3 0 % 
g r a i n p r o p o r t i o n . 
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FACTOR ANALYSIS IN A COLLECTION 
OF SMALL-SEEDED SOYBEAN 
[GLYCINE MAX (L.) MERILL] GROWN IN INDIA 
S . K . S H A R M A 
HIMACHAL P R A D E S H A G R I C U L T U R A L U N I V E R S I T Y , P A L A M P U R , I N D I A 
(Received: 2 August 1985) 
These genotypes of Glycine max have an invariably indeterminate and spreading 
growth habit, and exhibit variation in matur i ty , seed size and seed coat colour. Never-
theless, these genotypes possess better germinability, palatabil i ty, and can be grown 
even under environmental stress conditions. 
Keywords: Glycine max (L.) Merill., factor analysis, genotype variation. 
In t roduc t ion 
A l t h o u g h there is no available r ecord as to when soybean was i n t r o d u c e d 
in Ind ia , i t has been t r ad i t iona l ly grown in Nor thern hil ls and several o the r 
sca t te red pockets in t h e coun t ry for m a n y centuries ( B h a t n a g a r 1980). I t has 
been k n o w n b y var ious colloquial n a m e s such as B h a t , B h a t m a n , B h a t m a s , 
Bhu t , K a l i t u r , Ka l iku th i , Tel iakul th , G a r r a k a l a y , etc. (S ingh and Mi t ta l 1970). 
These geno types have an invar iab ly i n d e t e r m i n a t e and spread ing g rowth h a b i t 
and exh ib i t var ia t ion in m a t u r i t y , seed size and seed coa t colour. Never the less 
these geno types possess b e t t e r germinabi l i ty , pa la tab i l i ty , and can h e g rown 
even u n d e r env i ronmen ta l stress condi t ions . Small-seeded soybean has r e m a i n e d 
neglected in the pas t as a n object of gene t ic studies a n d p lan t i m p r o v e m e n t . 
Selection is one of the i m p o r t a n t tools in t h e h a n d of a p l a n t breeder t o b r ing 
about genet ic i m p r o v e m e n t b y changing t h e gene f r e q u e n c y . I t is d i f f i cu l t 
for a b reede r to t ake in to considerat ion all t h e agronomic, morpho-physio logica l 
and q u a l i t y t ra i t s , while going for select ion. Hence, a compara t ive ly smal l 
n u m b e r of i m p o r t a n t t r a i t s account ing fo r m a x i m u m var i ab i l i t y must b e f o u n d 
for m a k i n g effect ive a n d reliable select ion. F u r t h e r m o r e , small-seeded geno-
types a re being replaced b y the p r i m a r y a n d secondary in t roduc t ions f r o m 
USA. Desp i t e genetic erosion, avai lable small-seeded soybean collections are 
still d iverse in agro-botanica l t ra i t s . There fo re , it is necessary to s p o t char -
acters wh ich reflect t h e g rea te r p ropor t ion of var ia t ion among the ava i l ab l e 
small-seed soybean genotypes . 
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M a t e r i a l a n d m e t h o d s 
The resolution of a large number of variables l inearly related in te rms of a small number 
of variables, can be accomplished w i t h factor analysis. I t is a statistical technique, which 
reduces the dimensions of mult ivariate data by removing intercorrelations among at t r ibute-
variables, and enables multidimensional relationships to be plotted on 2 or 3 principal axes 
(Harman 1967). I t also chooses independent or orthogonal axes, which are minimally cor-
related and represents linear combinat ion of original characters (Clifford and Stephenson 
1975). The relative discriminating power of axes and the i r associated characters are measured 
b y eigenvalues and factor scores respectively. 
Forty-five accessions of small-seeded soybean representing a broad spectrum of diver-
s i ty were selected f rom the germplasm collection, being maintained a t Flimachal Pradesh 
Agricultural Universi ty , Palampur. T h e genotypes were grown in a randomised block design 
wi th three replications. Each entry h a d two rows 3 m long with inter and intra-row spacings 
of 50 and 5 cm, respectively. In each plot, five plants were selected a t random for recording 
observations. The characters studied were days to f lowering and matur i ty , plant height (cm), 
branches/plant, pods/main stem, pods/branches, total pods/plant, pod clusters/plant, pods/clus-
te r , seeds/plant, 100-seed weight or seed index (g), harves t index (%) , oil (%), protein ( % ) 
a n d seed yield/plant (g). Oil and pro te in contents were determined on a random seed sample 
representing each ent ry . Oil (%) was estimated with t he Nuclear Magnetic resonance Spectro-
met ry (Tiw ari et al. 1974). The es t imat ion of protein content was based on the optical density 
measurements on Technicon Auto-analyser-11 (Technicon Instruments Corporation, Terry-
town , New York, USA). 
The data were tested for the existence of variabi l i ty for different t ra i ts . The significant 
t r a i t s were correlated in all possible combinations a t the phenotypic level as suggested by 
Al-Jibouri et al. (1958). Correlations were used for fac tor analysis through principal component 
method (Harman 1977). The analysis was terminated after the factors accounting for more 
t h a n 90% variabi l i ty were extracted. Factors having eigenvalue of a t least unity were re-
tained and ranked in the order of their eigenvalues. Traits affected b y these factors were 
arranged in the order of their relat ive factor loadings. 
R e s u l t s a n d d i s c u s s i o n 
R a n g e , m e a n v a l u e s , p h e n o t y p i c c o e f f i c i e n t of v a r i a t i o n a n d m e a n s u m 
o f s q u a r e s a r e p r e s e n t e d i n T a b l e 1. T h e p h e n o t y p i c c o e f f i c i e n t of v a r i a t i o n 
u n d e r s t u d y r e v e a l e d t h e p r e s e n c e of w i d e d i v e r s i t y i n t h e m a t e r i a l u n d e r 
s t u d y . All t h e t r a i t s o t h e r t h a n oil ( % ) a n d p r o t e i n ( % ) w e r e f o u n d t o b e 
s i g n i f i c a n t . 
Seed y i e l d / p l a n t w a s f o u n d t o b e a s s o c i a t e d w i t h b r a n c h e s / p l a n t , p o d s / 
m a i n s t e m , p o d s / b r a n c h e s , t o t a l p o d s / p l a n t , p o d c l u s t e r s / p l a n t a n d s e e d s / p l a n t 
( T a b l e 2). T h e s e s e e d y i e ld c o m p o n e n t s w e r e a l s o f o u n d t o b e a s s o c i a t e d w i t h 
e a c h o t h e r . S e e d y i e ld d i d n o t s h o w a n y a s s o c i a t i o n w i t h d a y s t o f l o w e r i n g 
a n d m a t u r i t y , a n d p l a n t h e i g h t , w h i c h w e r e a l l p o s i t i v e l y a s s o c i a t e d w i t h 
e a c h o t h e r . P o d s / c l u s t e r , s e e d i n d e x a n d h a r v e s t i n d e x h a v e n o t h i n g t o d o 
w i t h t h e e n h a n c e m e n t of s e e d y i e l d . 
T h e f a c t o r a n a l y s i s d i v i d e d 13 s i g n i f i c a n t v a r i a b l e s i n t o t h r e e f a c t o r s 
( T a b l e 3). F a c t o r I a c c o u n t e d f o r m o r e t h a n 5 0 % of t h e t o t a l v a r i a b i l i t y , 
w h i l e f a c t o r I I I e x p l a i n e d l e s s t h a n 1 5 % . T h e c o m m u n a l i t y or a m o u n t o f 
v a r i a t i o n of a c h a r a c t e r a c c o u n t e d f o r al l f a c t o r s t a k e n t o g e t h e r , w e r e f o u n d 
t o b e r a n g i n g f r o m 4 9 . 1 7 % ( s e e d i n d e x ) t o 9 8 . 8 5 % ( p o d c l u s t e r s / p l a n t ) . F a c -
t o r I r e c o r d e d t h e h i g h e s t f a c t o r l o a d i n g o n p o d s / b r a n c h e s , f o l l o w e d b y p o d s / 
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Table 1 
Range, mean, phenotypic coefficient of variation and mean sum of squares 
for different characters in small-seeded soybean 
Character Range Mean 
Phenotypic 
coefficient 
o f variation 
M.s.s. 
Days to flowering 41.0- 96.2 60.6 + 10.2 22.5 547.0** 
Days to maturity 81.0- 159.6 110.4 ± 22.5 29.6 1396.3** 
Plant height (cm) 27.0- 75.3 50.0 ± 9.1 29.3 495.0** 
Branches/plant 3.0- 9.5 5.9 + 1.1 32.9 7.8** 
Pods/main stein 2.1- 12.9 8.3 ± 1.8 39.6 16.7** 
Pods/branches 9.3- 50.6 23.5 ± 4.3 46.4 198.8** 
Total pods/plant 15.9- 59.5 30.9 ± 6.8 40.7 214.7** 
Pod clusters/plant 10.7- 29.1 19.8 ± 2.9 33.9 119.3** 
Pods/cluster 1.1- 2.3 1.6 ± 0.2 23.9 0.3* 
Seeds/plant 32.0-155.3 65.0 ± 8.1 55.9 2052.2** 
Seed index (g) 4.6- 8.4 5.9 + 0.4 18.7 2.3** 
Harvest index (%) 28.7- 64.0 42.4 + 7.1 22.5 159.9** 
Oil (%) 16.7- 21.0 18.5 + 1.2 6.1 6.2 
Protein (%) 37.7- 44.2 37.8 ± 1.6 7.5 2.9 
Seed yield/plant (g) 2.0- 6.0 3.7 ± 0.9 43.2 22.84** 
* Significant (p = 0.05) 
** Significant (p = 0.01) 
p l a n t , b r anches /p l an t , p l a n t he igh t , d a y s to m a t u r i t y , seeds/plant , p o d clus-
t e r s / p l a n t and days t o f lower ing . T h u s , t h e f irs t f a c t o r was r e g a r d e d as com-
b i n a t i o n of s t r u c t u r a l a n d phenologica l t ra i t s . As e x p e c t e d , the t r a i t s in this 
f a c t o r were m u t u a l l y cor re la ted a n d t h e lowest co r r e l a t i on value (r = 0.282+) 
a f f e c t e d was be tween d a y s to m a t u r i t y a n d pods /c lus t e r . The t r a i t s included 
in t h i s f ac to r were m a i n l y t h e c o m p o n e n t s of seed y i e ld . Fac to r I I , compr i s ing 
h a r v e s t i ndex a n d p o d s / m a i n s t e m exp la ined 2 5 . 0 6 % of to ta l v a r i a t i o n . Pods/ 
p l a n t , seeds/plant a n d p o d c lus t e r s /p lan t besides b e i n g t h e i m p o r t a n t t r a i t s of 
f a c t o r I , were also a f f e c t e d b y f a c t o r I I . The c o n t r i b u t i o n of d a y s t o f lower-
ing a n d m a t u r i t y , a n d p l a n t he ight t o th i s fac tor w a s nega t ive . H a r v e s t index 
also exh ib i t ed a n e g a t i v e cor re la t ion w i t h days t o f lower ing (r = 0.457+ + ) , 
d a y s t o m a t u r i t y (r = —0.353+ + ) a n d p lan t n e i g h t (r = —0.386+ + ). Thus , 
an inc rease in t h e s t r e n g t h of th i s f a c t o r , would t e n d t o lead to a r educ t ion 
in t h e d a y s to f lower ing a n d m a t u r i t y , a n d p lan t h e i g h t . Fac to r I I I a ccoun ted 
fo r 1 4 . 5 2 % of t h e t o t a l va r i ab i l i ty . T h i s fac tor w a s m a d e up of pods /c lus te r 
a n d seed index. P o d s / p l a n t , seeds /p lan t a n d pod c lus t e r s /p l an t w e r e af fec ted 
b y f a c t o r s I and I I s imu l t aneous ly , whi le p o d s / m a i n s t e m was a f f e c t e d by 
f a c t o r s I I and I I I . 
T h e corre la t ion co-eff ic ient d id n o t indica te t h e ro le of days t o f lower ing 
a n d m a t u r i t y , and p l a n t he ight for seed y ie ld /p lant ( T a b l e 2). H o w e v e r , fac tor 
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Table 2 
Phenotypic correlation coefficients between 
Character 
Days to 
maturity Plant height Branches/plant Pods/main s t e m Pods/branches 
Days to flowering 0.687** 0.526** 0.498** - 0 . 1 4 4 0.183 
Days to maturity 0.617*3 0.542** - 0 . 1 0 3 0.384** 
Plant height 0.727** 0.017 0.591** 
Branches/plant - 0 . 1 3 3 0.723** 
Pods/main stem 0.229 
Pods/branches 
Total pods/plant 
Pod clusters/plant 
Pods/cluster 
Seeds/plant 
Seed index 
Harvest index (%) 
* P < 0.05; ** P < 0.01 
a n a l y s i s r e v e a l e d t h e i m p o r t a n c e o f t h e s e t h r e e t r a i t s as t h e s e w e r e a f f e c t e d b y 
t h e f i r s t f a c t o r . T h u s , c o r r e l a t i o n s t u d y a n d f a c t o r a n a l y s i s p r o v i d e d c o m p l e -
m e n t a r y w a y s o f s t u d y i n g t h e d a t a . S u c h i n f o r m a t i o n wil l a s s i s t t h e b r e e d e r 
Table 3 
Factor analysis in small-seeded soybean 
Factor Com-
Variable munality 
I I I I I I (%) 
Factor I 
Pods/branclies 
Pods/plant 
Branches/plant 
Plant height 
Days to matur i ty 
Seeds/plant 
Pod clusters/plant 
Days to flowering 
0.907 0.297 - 0 . 0 9 3 96.03 
0.838 0.410 0.149 95.32 
0.824 — 0.315 - 0 . 1 1 7 79.27 
0.778 - 0 . 3 6 9 - 0 . 0 9 1 75.05 
0.750 — 0.311 0.039 69.47 
0.639 0.511 0.065 79.55 
0.602 0.620 - 0 . 4 9 1 98.85 
0.555 — 0.599 0.058 73.70 
Factor I I 
Harvest index —0.460 0.584 0.075 56.70 
Pods/main stem —0.036 0.397 0.674 61.58 
Factor III 
Pods/cluster 0.412 —0.216 0.660 65.19 
Seed index -0 .019 —0.304 0.400 49.17 
Eigenvalue 5.17 2.43 1.50 
Variation ( % ) 53.32 25.06 14.52 
Cumulative variation (%) 53.20 78.38 92.90 
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various traits in small-seeded soybean 
m , , , , P o d „ , , , * • . . Harvest i n d e x Seed 
Tota l pods/plant
 c l u s t e r e / p l a n t Pods/cluster Seeds/plant Seed index ( % ) yield/plant 
0.125 - 0 . 0 5 6 0.299* 0.061 0.076 - 0 . 4 5 7 * * 0.057 
0.305* 0.131 0.282** 0.333* 0.100 - 0 . 3 5 3 * 0.176 
0.514** 0.372** 0.350* 0.271 — 0.097 - 0 . 3 8 6 * * 0.269 
0.589** 0.467** 0.371* 0.312* — 0.100 0.285* 0.408** 
0.473** 0.260 0.479** 0.210 0.002 0.211 0.337* 
0.892** 0.798** 0.347* 0.517** — 0.222 - 0 . 1 0 4 0.545** 
0.760** 0.461** 0.515** - 0 . 1 5 2 - 0 . 0 1 0 0.559** 
-0 .002 0.490** — 0.342** 0.142 0.427* 
0.193 0.126 - 0 . 2 2 6 0.217 
0.184 0.012 
- 0 . 0 3 2 
0.488** 
0.127 
0.058 
b o t h fo r increasing his u n d e r s t a n d i n g of the i m p o r t a n c e of v a r i o u s characters 
a n d also to de t e rmine the n a t u r e a n d sequence of t ra i t s for w h i c h the selec-
t ions were to be m a d e in his f u t u r e breeding p r o g r a m m e . 
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APPLICATION OF 
ELECTRO-ULTRAFILTRATION (EUF) TECHNIQUE 
IN NITROGEN FERTILIZATION OF COTTON 
M U H A M M A D N A W A Z A . M A L I K a n d M U H A M M A D I Q B A L M A K H D U M 
C E N T R A L COTTON R E S E A R C H I N S T I T U T E , M U L T A N , P A K I S T A N 
(Received: 28 April 1986) 
The assessment of nitrogen fert i l izer requirements using results of soil analysis 
is particularly diff icult because many different factors af fect N dynamics in the soil. 
The determination of N fractions in t h e soil by means of an electro-ultrafil tration 
( E U F ) procedure improves knowledge of the N dynamics and this should serve as a 
basis of N fertilizer recommendations. The relationships between the E U F N fractions 
in t h e soil and the seed cotton yield are described on the basis of the E U F - N soil 
analysis. 
Statistically significant correlat ions for seed co t ton yield were f o u n d with 
EUF-NO3, E U F - N H 4 + NO3 in the soil solution. I t is suggested to use extractable 
NO3-N for calculation of the N ferti l izer requirements. T h e N fertilization can also be 
corrected during t h e active growth period on the basis of petiole N 0 3 - N diagnostic 
technique. 
Keywords: Fertilizer requirement , N supply ra te , electro-ultrafi l trat ion, EUF-
N I I j , EUF-NO3, petiole-N03-N, soil analysis fertilizer response, cot ton seed yield. 
In t roduc t ion 
T h e main fac to r s of intensive fer t i l iza t ion are pool fert i l ization i .e . reserve 
s tock before p l an t ing and m a i n t e n a n c e of fer t i l iza t ion, applied d u r i n g the 
g rowth period. The a m o u n t of pool fer t i l iza t ion can pr imar i ly be d iagnosed by 
soil ana lys i s whereas p l an t analysis p l ays an i m p o r t a n t role in m a i n t e n a n c e 
fe r t i l i za t ion (Malik e t al . 1984) and t h e a m o u n t of n u t r i e n t s avai lable (Németh 
and M a k h d u m 1981) in the soil. I n t h i s connection soil and p lant ana lyses are 
b o t h necessary for t h e judicious use of fertilizers. 
T h e successful cul t iva t ion of c o t t o n demands a n ample supply of ni trogen 
(Ali e t al . 1970). No rel iable soil t es t is avai lable in P a k i s t a n to p red ic t ni t rogen 
supp ly in t h e course of the growing per iod . The m a i n reason is t h a t available 
n i t rogen is diff icult t o measure. E lec t ro -u l t r a f i l t r a t i on (EUF) of fers a means 
to p r ed i c t soil n i t rogen in such a w a y t h a t i n f o r m a t i o n is ava i lab le on both 
ex is t ing and po ten t i a l ly available n i t r o g e n (Németh 1979). 
E lec t ro -u l t r a f i l t r a t ion consists of a combina t ion of electrodialysis and 
u l t r a f i l t r a t i on . Electrodialysis had long been used t o separate ions f r o m clay 
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minera ls . This m e t h o d is based on the principle of diffusion a long a concentra-
t i o n gradient t h r o u g h a semipermeable m e m b r a n e . Ul t ra f i l t r a t ion is a f i l t r a -
t i o n process b y m e a n s of which t h e soil colloids a re collected on a f i l ter a n d 
s o r b e d ions a re r e m o v e d by leaching. Bechold (1925) sugges ted combining 
u l t r a f i l t r a t ion w i t h electrodialysis fo r the b e t t e r f rac t iona t ion of p l a n t nu t r i en t s 
f r o m soil. More r ecen t l y J u n g a n d Németh (1966, 1969) i m p r o v e d i t to deter-
m i n e nutr ient concen t ra t ion in soil solution a n d its buffer ing in the rou t ine 
soil tes t . The de t a i l s of the m e t h o d are p r o v i d e d by N é m e t h (1972, 1979). 
The aim of t h i s inves t iga t ion was to d i scover the su i tab i l i ty of the E U F 
m e t h o d of soil ana lys i s in d iagnos ing ni t rogen needs of c o t t o n crop. In t h i s 
r e spec t , efforts h a v e been concen t r a t ed on N 0 3 - N in the soil be fore p lan t ing 
a n d N 0 3 - N concen t ra t ion in t h e pet iole (plant o rgan ) during t h e g rowth period. 
Mate r i a l and me thods 
The soil samples in this investigation belong to alluvial soils, rich in CaC03 and are 
f r o m an area practicing an irrigated agriculture. 
The soil samples were derived f r o m the top soil layer (0-20 cm) at the time of cotton 
plant ing. The soils were air dried and passed through a 2 m m sieve. 
A fully au tomat ic EUF equipment model 723 was used for the extract ion of nitrogen 
f r o m the soil samples. A 5 g sample of each soil, replicated 5 times, was put in the 
middle cell of E U F and water was used as the e x t r a d a n t . 
(a) The soil was extracted for 20 min. at 200 Y and 25 °C to obtain the readily avail-
able N fraction. 
(b) The same soil was extracted a t 80 °C and 400 V for 15 min. to obta in the nitrogen 
buffering fraction in addition to readily available N. This analysis also demonstrated the 
influence of increasing temperature and voltage on N extract ion (Németh 1972 and 1979). 
The anode and cathode filters were of types E U F 510 and EUF 511 respectively. The 
anode and cathode ex t rac t s were collected separately. The vacuum in the two outside chambers 
was adjusted so as to allow 50 ml volume of the cathode and anode extract (soil extractrinse 
water) . The EUF N H 4 - N and N0 3 -N in the filtrates obtained cathodically and anodically 
were analysed by the micro-kjeldhal method (Jackson 1962). The other determinations were 
m a d e according to me thods described b y U.S. Salinity Laboratory Staff (1954) and Organic 
Carbon by Moodie et al. (1959). The petioles of the m a t u r e leaves on the main stem (3rd or 
4 t h f rom terminal) were sampled at different stages of growth from an experiment having 
gradient doses of n i t rogen (0, 25, 50, 150 kg/ha). The n i t r a t e nitrogen was determined by the 
me thod of Johnson a n d Ulrich (1959). 
Resul t s and discussion 
The data on bas ic charac ter is t ics of soil a r e l i s ted in Tab le 1. 
Table 1 shows t h a t soils a re med ium in t e x t u r e and alkal ine in react ion. 
T h e soils were f r e e f r o m any sor t of imped imen t s for deep roo t pene t ra t ion . 
T h e soil differed g r e a t l y in their C a C 0 3 content b u t had even va lues for to t a l 
n i t r o g e n content . 
The data on E U F of soil n i t r o g e n are i l l u s t r a t e d in Table 2. 
The da ta p r e s e n t e d in T a b l e 2 clearly d e m o n s t r a t e t h a t t h e E U F - N I I 4 
c o n t e n t s differed a t all sites, b o t h the effect ively available f r a c t i o n (25 °C, 
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2 0 0 V) a s w e l l as t h e r e s e r v e E U F - N H 4 v a l u e s o b t a i n e d a t 8 0 °C. I t h a s b e e n 
f o u n d t h a t t h e f r a c t i o n o f N H 4 * N i n c r e a s e d a t h i g h t e m p e r a t u r e a n d v o l t a g e . 
T h e a m o u n t of e f f e c t i v e l y a v a i l a b l e N 0 3 - N e x t r a c t e d a t 2 5 °C, 2 0 0 У w e r e 
a l so l o w e r t h a n t h o s e e x t r a c t e d a t h i g h t e m p e r a t u r e a n d v o l t a g e . N é m e t h e t 
Table 1 
Basic characteristics of the soils (0—20 cm) used in the investigation 
Sites 
p H 
(H.O) 1 : 10 
Electrical 
conductivity 
(mmhos/cm) 
1 : 5 
Organic 
carbon 
СаСО. 
% 
Tota l N 
Textural class 
Multan 8.2 0.20 0.28 6.3 0.02 Silt loam 
Bahawalpur 8.3 0.25 0.36 14.1 0.02 Sandy clay loam 
Khanpur 8.3 0.40 0.32 8.0 0.02 Sandy clay loam 
T h a t t a Gurmani 8.5 0.42 0.36 15.1 0.02 Sandy 
Haroonabad 8.4 0.30 0.33 5.6 0.02 Sandy loam 
Table 2 
EUF-NIIf, EUF-N03 and EUF total-N values of alluvial soils 
at varying voltages and temperature (in mg N/100 g) 
E U F - N H , EUF-NO, Total N 
Sites 
25 °C 
(200 V) 
80 °C 
(400 V) 
25 °C 
(200 V) 
80 °C 
(400 V) 
25 °C 
(200 V) 
80 °C 
(400 V) 
Multan 1.49 3.27 3.47 6.90 4.96 10.17 
Bahawalpur 1.80 2.12 3.51 6.26 5.01 8.38 
Khanpur 1.57 3.61 4.08 7.98 5.65 11.59 
Tha t t a Gurmani 1.76 3.65 4.98 7.01 6.74 10.66 
Haroonabad 1.90 4.48 7.28 10.20 9.18 14.68 
Table 3 
Co-efficient of correlation between various N fractions 
before planting and cotton seed yield 
E U F - N i t r o g e n fractions 
at 25 °C, 200 V 
m g N/100 g 
Multan 3.47 4.96 505 
Bahawalpur 3.51 5.01 577 
Khanpur 4.98 5.65 588 
Thatta Gurmani 4.98 6.74 640 
Haroonabad 7.28 9.18 717 
c o t t o n Seed 
y ie ld 
(kg/ha) 
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al . (1979) r e p o r t e d tha t the E U F - N H , and E U F - N 0 3 values showed a m a r k e d 
increasing t r e n d wi th the r ise i n voltages a n d t empera tu r e s . . . 
The d a t a in Table 2 r a i s e t h e quest ions as to which N fraction could 
b e s t be re la ted to seed co t ton yie ld . This p o i n t has been c la r i f i ed in Table 3. 
The E U F - N 0 3 - N d e t e r m i n e d in the soil samples col lected f rom locat ions 
i n Southern P u n j a b before c o t t o n plant ing c a n he best co r r e l a t ed with seed 
c o t t o n yield. 
У = 4 6 . 3 7 8 5 X + 389.1033 : r = 0.9** 
w h e r e У — seed cot ton yield, a n d X = E U F - N 0 3 - N 
Data p r e sen t ed in T a b l e 3 also d e m o n s t r a t e t ha t t h e sum of E U F -
N H 4 + N 0 3 N c a n also be s ign i f ican t ly co r re la t ed with seed co t ton yield. 
У = 4 1 . 9 6 5 9 X + 340.6791 : r = 0.94** 
w h e r e У = seed cot ton yield, a n d X = E U F - N H ç + N 0 3 - N 
I t is adv i sab l e to use E U F - N 0 3 - N in predic t ing n i t r o g e n requirements 
of cot ton crop because the s u m of the E U F - e x t r a c t a b l e N ( N H 4 -f- N0 3 ) d id 
n o t improve t h e correlation v a l u e . 
We went f u r t h e r in a n o t h e r s tudy to use t issue of N 0 3 - N concentra t ion 
in t h e cot ton pet iole as n i t r o g e n supply i nd i ca to r for t h e correction of N 
fert i l izer dur ing t h e active g r o w t h period. A n y sort of excess ive N ferti l iza-
t i o n a t early s t a g e may lodge, welcome insec tpes t s and d e l a y crop m a t u r i t y 
or boor nu t r i t i on m a y cause a r educ t ion in y ie ld to an u n e c o n o m i c level. T h e 
judic ious use of N fert i l izat ion c a n he made on the basis of a p lant analysis 
(Malik et al. 1984). 
I t is conc luded from T a b l e 4 tha t a su i t ab l e dose of N ferti l izer can b e 
appl ied in accordance with t h e pe t io le NO:s-N concent ra t ion (Mal ik et al. 1984). 
Table 4 
Nitrogen fertilizer prescription based 
on cotton petiole analysis 
Physiological 
growth s tage 
In position 
petiole NO„-N 
concentration 
(ppm) 
Nitrogen fertilizer 
(kg/ha) added for 
optimum yield 
Flower bud stage 8 500 100 
9 500 75 
10 500 50 
11 500 25 
Bloom stage 3 500 100 
4 000 75 
4 500 50 
5 000 25 
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C o n c l u s i o n 
T h e n i t r o g e n f e r t i l i z e r c a l c u l a t i o n s b a s e d on so i l a n a l y s i s s h o u l d t a k e 
i n t o a c c o u n t n u t r i e n t c o n c e n t r a t i o n i n t h e so i l s o l u t i o n a n d n u t r i e n t b u f f e r i n g 
c a p a c i t y , w h i c h b o t h c o n t r o l t h e n u t r i e n t f l u x i n t o r o o t s . E l e c t r o - u l t r a f i l t r a -
t i o n p r o v i d e s t h e d a t a o n t h e s e a s p e c t s o f soil n i t r o g e n . T h e a n a l y s i s o f soil 
n i t r o g e n f r a c t i o n a t i o n b y E T J F c a n p r o v i d e i n f o r m a t i o n o n n i t r o g e n r e q u i r e -
m e n t s d u r i n g t h e c r o p s e a s o n . T h e N 0 3 - N c o n c e n t r a t i o n i n c o t t o n p e t i o l e s 
c a n b e e f f i c i e n t l y u s e d f o r c o r r e c t i v e m e a s u r e s d u r i n g t h e g r o w i n g s e a s o n . 
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ENZYME ACTIVITIES IN SOILS 
OF DIFFERENT FOREST ECOSYSTEMS 
T A T J A N A P Á N T O S - D E R I M O V A 
U N I V E R S I T Y OF F O R E S T R Y A N D T I M B E R I N D U S T R Y , S O P R O N , HUNGARY 
(Received: 8 Ju ly 1986) 
I n the opinion of several authors the intensity of biological processes can be 
well characterized by the activity of the soil enzymes, thus i t can be considered as an 
appropr ia te index of soil fertility. Microorganisms produce more active enzymes than 
other plants. Different soil types show some differences in the quantity a n d species 
composition of the microorganisms living in them, as well as in the intensi ty of the 
biological processes due to their genetics, physical and chemical properties and dif-
ferences in the ecological conditions. 
The aim of our studies presented below was to contr ibute further d a t a to our 
knowledge of the enzyme activities in soils of different forest ecosystems. 
Keywords: Catalase, dehydrogenase, invertase, phosphatase, urease, protease 
enzymes, soils, forest ecosystems. 
Introduction 
T h e inves t iga t ions h a v e been ca r r i ed out in t h e following ecosys tems : 
(1) A p lan ta t ion- l ike spruce s t and 116 years old, m i x e d with l a rch (Picee-
turn excelsae cultum) a n d p l an ted on ac id ic , non-podzolic brown fo res t soil of 
a loamy t e x t u r e and a d e e p ti l th, be ing unde r the i n f luence of seepage wate r 
in a b e e c h - t y p e microcl imate . The a rea is 9 0 % covered, t h e number of trees 
is 348, t h e share of t h e components i n t h e mixture accord ing to t h e n u m b e r 
of t rees: s p r u c e 75%, l a r c h 2 5 % , average height 30.91 m , average d i a m e t e r in 
breast h e i g h t 41.84 cm, v o l u m e 907 m 3 . S i te Asztalfő. 
(2) A mixed p u b e s c e n t - c h e s t n u t - T u r k e y oak s t a n d (Orno-Quercetum 
Pubescenti-Cerris) 77 y e a r s old of a s p r o u t origin on b lack rendzina soil of 
shallow t i l t h and loamy t e x t u r e , w i t h o u t inf luence of su rp lus water , h a v i n g a 
ches tnu t -Turkey oak t y p e microcl imate. T h e area is 8 0 % covered ( n u m b e r of 
trees 372, t h e components of the m i x t u r e according t o t r e e numbers : A u s t r i a n 
oak 7 5 % , ches tnu t oak 1 5 % , average he ight 14.48 m , average d i a m e t e r in 
breast h e i g h t 24.73 cm, v o l u m e 213 m 3 ) . Si te Szárha lom. 
(3) A natural- l ike beech s tand (Laureolae-Fagetum) 104 years old on 
brown fo r e s t soil of a l o a m y texture a n d a shallow t i l t h , wi th clay i l luv ia t ion , 
without t h e effect of su rp lu s water, h a v i n g a beech- type microcl imate . I t is a 
thinned, u n m i x e d s t and w i t h a cover of 9 0 % (number of trees 239, average 
breast h e i g h t diameter 44 .5 cm, vo lume 719 m:1). Site Fa rkasgyepű . 
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M a t e r i a l a n d m e t h o d s 
The study of enzyme activities covered the following: 
-— catalase: due t o the effect of catalase, hydrogen peroxyde decomposes. The developing 
O, has been determined gasometrically (Galstyan 1978). 
—• dehydrogenase : as hydrogen acceptor uncoloured 2,3,5-triphenyl-tetrasolium-chloride (TTC) 
was used. In t he presence of dehydrogenase, the l a t t e r is reduced to red coloured triplienyl-
forinasan (TPF) in anaerobic conditions and its quant i ty is then determined by colori-
metry (Galstyan 1978). 
— invertase: its determination is based on the react ion of the reducing sugars getting f ree 
from a splitting of the sacharose by 3,5-dinitro-salicylic acid. The lat ter is reduced to 
3-amino-5-nitro-salicylic acid of a yellow-orange colour by reducing sugars when boiling. 
The intensity of the colour which changes depending on the invertase act ivi ty is determined 
by colorimetry (Scherbakova, T. A. 1968). 
— phosphatase : t he activity of the phosphatase has been determined using colorimetry, b y 
measuring the quant i ty of P „ 0 5 split from the subs t ra tum (Galstyan 1978). 
— urease: under t h e effect of urease, cerbamide is hydrolysed into CO„ and NH3 . The quan t i ty 
of the latter is determined by colorimetry (Galstyan 1978). 
— protease: the measurement of i ts activity is based on the quant i ta t ive determination of 
the amino acids developing by hydrolysis from the protein added to t he soil. If the amino 
acids are heated in a water h a t h with ninhydrine, they turn a blue colour. The colour 
intensity is measured by colorimetry. The quant i ty of amino acids has been transformed 
into glycine using a nomogramme made with p.a. glycine (Chaziev 1982). 
The investigation of the forest soil microflora was carried out by t he method of direct 
microscopy using a fluorescence microscope (Zvyagintsev, D. C. et al. 1978). The results of 
t h e direct method of calculation are many times greater than that under cultivation (Puntos-
Derimova, T. 1985). 
The study CO „-production of the soils was carried out by the gas-chroinatographical 
method (Kazanskaya, T. B. et ai. 1980). 
R e s u l t s a n d d i s c u s s i o n 
T h e d a t a o n t h e e n z y m e a c t i v i t y of s o i l s a r e p r e s e n t e d i n T a h l e 1, a n d 
F i g . 1. T h e a c t i v i t y of t h e e n z y m e s s t u d i e d w a s h i g h e s t i n t h e l i t t e r c o v e r a t 
a l l t h r e e s i t e s , i n a c c o r d a n c e w i t h t h e t o t a l N , P a n d К ( P á n t o s e t a l . 1 9 8 2 ) , 
w i t h t h e t o t a l b a c t e r i u m c o u n t a n d w i t h t h e C 0 2 - p r o d u c t i o n ( P á n t o s - D e r i m o v a 
1 9 8 3 ) . T h i s c a n b e e x p l a i n e d b y t h e f a c t t h a t t h e l i t t e r c o v e r is a s p e c i a l 
o r g a n o g e n i c l a y e r of t h e f o r e s t soi ls , w h e r e t h e p r i m a r y r o l e i n t h e t r a n s -
f o r m a t i o n p r o c e s s e s of t h e o r g a n i c m a t e r i a l i s p l a y e d b y m i c r o - o r g a n i s m s a n d 
b y e n z y m e s s e c r e t e d b y t h e m . 
T h e h i g h e s t c a t a l a s e , d e h y d r o g e n a s e , u r e a s e a n d p r o t e a s e a c t i v i t i e s w e r e 
f o u n d in t h e l i t t e r c o v e r o f t h e p u b e s c e n t - c h e s t n u t - T u r k e y o a k s t a n d o n 
r e n d z i n a soi l . I t w a s f o l l o w e d b y t h e soil of t h e t h i n n e d b e e c h s t a n d , a n d t h e 
s p r u c e s t a n d m i x e d w i t h l a r c h f o l l o w e d i n t h i r d p l ace . I n t h e s a m e s e q u e n c e 
t h e С : N r a t i o o f t h e U t t e r c o v e r w a s w i d e n i n g — 31.6 : 1 ; 3 2 . 9 : 1; 3 9 . 4 : 1 
— a n d Jenny''s k-value ( J e n n y e t a l . 1949) w a s d e c r e a s i n g , w h i c h c h a r a c t e r i z e s 
t h e i n t e n s i t y o f t h e d e c o m p o s i t i o n of t h e o r g a n i c m a t e r i a l — 28 .84 ; 2 8 . 6 6 ; 
2 2 . 5 8 % . 
T h e i n v e r t a s e a n d p h o s p h a t a s e a c t i v i t i e s w e r e h i g h e s t i n t h e a c i d i c , 
n o n - p o d z o l i c b r o w n f o r e s t s o i l b e l o w a s p r u c e s t a n d m i x e d w i t h l a r c h , f o l -
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Table 1 
Enzyme activity in the soils 
Soil type , site, 
horizon and 
sampling depth, 
c m 
Oxyreductases 
Catalase Dehydrogen-
O cm 3 / l e a s c T P F , 
d m . 6 n 3 g / 2 4 h / 1 0 g 
d. m . 
Hydrolases 
Invertase, 
glucose, 
mg/1 h/g 
d. m. 
Phosphatase , 
m g / 3 0 7 1 0 0 g 
d. m. 
Urease 
N I L , 
Protease 
glycine 
mg/24 h / 1 g d. m. 
Acidic, non-podzolic brown forest soil (Asztalfő) 
A00 + A0 l i t ter 22.6 16.9 1049.4 46.6 0.1 0.5 
A 0 - 25 8.1 5.3 331.3 11.0 t r 0.3 
В 25- 40 0.9 2.7 139.2 10.0 t r 0.1 
40- 63 0.6 2.2 118.3 4.7 t r 0.1 
63- 90 0.3 1.8 60.7 6.1 t r tr 
С 90-110 1.9 4.1 112.8 9.6 t r 0.2 
110-120 1.7 6.0 279.5 11.2 t r 0.4 
Rendzina soil (Szárhalom) 
A00 + A0 l i t ter 43.0 86.4 307.4 23.2 1.6 0.7 
A 0 - 5 13.0 21.1 157.8 13.3 0.1 0.5 
5 - 15 9.6 16.6 116.2 10.0 0.4 0.5 
15- 30 7.9 18.9 117.8 14.4 0.1 0.4 
30- 50 4.8 7.3 63.0 4.9 0.4 
С 50-100 compact, sandy Leitha-Iimestone 
Brown forest soil with clay illuviation (Farkasgyepű) 
A00 + A0 l i t ter 24.9 40.8 401.7 36.0 0.5 0.6 
A , 0 - 16 4.5 12.0 154.5 12.4 tr 0.5 
A3 16- 28 3.3 11.7 76.4 8.0 t r 0.2 
В 28- 75 1.2 6.4 50.2 4.8 tr 0.2 
С 75-103 0.6 2.2 28.9 2.6 t r tr 
D. m. = dry matter; T P F = triphenyl-formasan 
lowed b y t h e th inned beech s tand a n d b y the pnèescen t -ches tnu t -Turkey oak 
s t and . T h e very high inve r t a se ac t i v i t y in the l i t ter cover of the s p r u c e s tand 
mixed w i t h larch — a b o u t three t imes h igher than in t h e l i t ter of t h e pubescen t -
c h e s t n u t - T u r k e y oak s t a n d — can b e explained b y a ve ry wide С : N ratio. 
The v e r y low urease a c t i v i t y was also connected w i t h t h i s wide r a t i o . 
I n t h e opinion of m a n y au tho r s ( K r á m e r and E r d e i 1959, L u n d e g â r d h 
1923) t h e phospha tase -ac t iv i ty of t h e soil is i n f l uenced by the n u m b e r of 
micro-organisms synthes iz ing this e n z y m e and by t h e intensi ty of t h e phos-
pha tase -p roduc ing a c t i v i t y of these micro-organisms. The l a t t e r depends 
main ly on t h e readi ly soluble phosphorous -con ten t of the s u b s t r a t u m . The 
lower th i s content , t h e h igher is t h e phospha t a se a c t i v i t y . 
According to t h e p resen t da ta , t h e readi ly soluble phosphorous -con ten t in 
all t h e t h r e e l i t ter covers was less t h a n 0.5 mg, while t h e highest p h o s p h a t a s e -
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О X y r e d u c t a s e s H yd ro l ases 
U r e a s e P r o t e a s e 
NH3 Glyc ine 
m g / 2 4 h / 1 g d . m . 
1.5 0.5 0.5 
t.O 0 0.7 
L i t t e r 
c m r 0 -
- 8 0 
•100 
4 2 0 
C a t a l a s e D e h y d r o g e n a s e I n v e r t a s e , g l u c o s e . P h o s p h a t a s e , 
O2 c m 3 / l ' / 1 g T P F , m g / 2 4 h / 1 0 g m g / 1 h / 1 g P j 0 5 m g / 3 0 7 
d .m. d.m. d . m . / 100g d . m . 
1050 
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Fig. 1. E n z y m e activity in soils 
a c t i v i t y was f o u n d jus t in t hese . I t s value is a b o u t 2-4 t imes higher t h a n in 
t h e mineral levels immedia te ly following t h e m a t greater d e p t h s . 
In the mineral horizons of t h e acidic, non-podzol ic soil a n d in the b rown 
f o r e s t soil wi th c l a y al luviat ion, t h e phospha tase -ac t iv i ty w a s always h igher 
t h a n the q u a n t i t y of the readily soluble phosphorous In the case of the rendzina 
soil , this is t r u e o n l y for the 25—50 cm dep th of t h e A horizon. I n our opinion 
t h i s can be e x p l a i n e d by the v e r y high organic mater ia l c o n t e n t in the u p p e r 
reg ions of this ho r i zon . 
In the mineral horizon of t h e soil, t h e e n z y m e ac t iv i ty near ly exac t ly 
c h a n g e s following t h e t rend showing the n u t r i e n t content f r o m the nea r -
s u r f a c e layers t o w a r d the deeper ones. 
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I n t h e case of t h e acidic, non-podzol ic b rown fores t soil t h e enzyme 
ac t iv i ty decreased con t inuous ly un t i l t h e 90 cm d e p t h t h e n it increased again 
in the С horizon. A smal l deviat ion occur red only in t h e case of the p h o s p h a t a s e 
enzyme — similarly t o t h e quan t i t i e s of readily soluble phosphorous and 
p o t a s s i u m — which showed an increase of the ac t iv i ty a l r eady in the 63—90 cm 
dep th of t h e В horizon. 
T h e changes of t h e ac t iv i ty in d i f fe ren t layers of t h e soil prof i le can be 
pa r t ly expal ined by t h e v e r y high ske le ton percentage of t h e A and В horizons. 
In consequence of t h e d o w n w a r d t r a n s f e r of the organic mater ia l , decomposi -
t ion s t a r t s quite qu ick ly in addi t ion t o the t r ans fe r of the readi ly soluble 
nu t r i en t s . This process is s ignif icant ly re ta rded in t h e С horizon a n d the 
n u t r i e n t s in the soil so lu t ion are r e t u r n e d . Thus a d v a n t a g e o u s condi t ions are 
created fo r the p ropaga t i on of the ol igotrophic group of micro-organisms which 
occur according to our m a n y inves t iga t ions (Pán tos -Der imova , 1983) in these 
horizons. I t can be supposed t h a t some species of t he se may also p roduce 
some of t h e enzymes discussed. At t h e same t ime, enzymes produced in the 
upper l aye r s of the soil m a y also move downwards a n d accumula te a b o v e the 
clay l a y e r of the soi l - forming rock. 
T h e cont inuous decrease of the dehydrogenase , i nve r t a se and p h o s p h a t a s e 
act ivi t ies was present in t h e case of t h e rendzina soil f r o m the sur face , only 
to a d e p t h of about 15 c m in the A horizon. The a c t i v i t y of these enzymes 
increased a t the 15-30 c m depth . 
I n t h e mineral l aye r of the b r o w n fores t soil w i t h clay a l luvia t ions , the 
enzyme ac t iv i ty decreased — similar ly t o the q u a n t i t y of readily soluble 
nu t r i en t s — from the su r face toward g rea t e r depths . 
T h e differences b e t w e e n the e n z y m e activities of t h e mineral l ayers of 
the soil a re not eva lua t ed , as they r e fe r to genetically d i f ferent t ypes . Thus , 
in case of t h e rendzina soil, only the A horizon has been s tudied . F u r t h e r m o r e , 
the th i ckness of the hor izons , and w i t h i n t h e m , the th ickness of the d i f fe ren t 
layers a re dissimilar. 
T h e present inves t iga t ions have shown t h a t t h e changes in t h e prof i le 
of b o t h t h e quan t i t y of readi ly soluble nu t r i en t s and of t h e enzyme ac t i v i t y 
are i n f luenced not only b y the genetic soil types, b u t also in connect ion wi th 
the t o t a l effect of t h e s i te t y p e . 
Conclusions 
On t h e basis of ou r f indings we conclude t h a t in all three ecosys tems 
the inves t iga ted enzyme act ivi t ies were t h e highest in t h e forest l i t te r . I n fac t 
the fo res t l i t ter cons t i tu tes a specific organogenic layer of the soils, w h e r e the 
t r a n s f o r m a t i o n processes of organic m a t t e r are de t e rmined mainly b y micro-
organisms and the e n z y m e s produced b y t h e m . 
Acta Agronomica Hungarica 37, 1988 
9 2 T A T J A N A PÁNTOS-DE1UMOVA 
C a t a l a s e , d e h y d r o g e n a s e , u r e a s e a n d p r o t e a s e a c t i v i t i e s w e r e f o u n d t o 
b e t h e h i g h e s t i n t h e f o r e s t l i t t e r of t h e Orno-Quercetum pubcscenti-cerris m i x e d 
s t a n d on t h e r e n d z i n a , a n d t h e l o w e s t i n t h a t of Piceetum excelsae cultum, 
w h e r e i n v e r t a s e a s h i g h as t h a t d e t e r m i n e d i n t h e f o r e s t l i t t e r o f Orno-Querce-
tum pubescenti-cerris — is d u e t o t h e v e r y w i d e С : N r a t i o . T h i s a l so e x p l a i n s 
t h e v e r y l o w u r e a s e a n d m o d e r a t e p r o t e a s e a c t i v i t i e s . 
T h e e a s i l y s o l u b l e P 2 0 5 c o n t e n t s of t h e f o r e s t l i t t e r s d i d n o t e x c e e d 
0 . 5 m g in e i t h e r c a s e , wh i l e t h e i r p h o s p h a t a s e a c t i v i t i e s w e r e 2—4 t i m e s h i g h e r 
t h a n t h e c o r r e s p o n d i n g v a l u e s d e t e r m i n e d i n t h e t o p m o s t m i n e r a l soil l a y e r s . 
T h e c h a n g e s w i t h d e p t h i n e n z y m e a c t i v i t i e s i n t h e m i n e r a l soil l a y e r s 
c l o s e l y f o l l o w e d t h o s e in t h e c o n t e n t s of r e a d i l y a v a i l a b l e n u t r i e n t s . 
O n t h e b a s i s of o u r d a t a t h e c o n c l u s i o n h a s b e e n d r a w n t h a t t h e c h a n g e s 
i n e n z y m e a c t i v i t y w i t h i n t h e p r o f i l e s a r e i n f l u e n c e d n o t o n l y b y t h e so i l 
ty^pe h u t a l s o b y t h e c h a r a c t e r i s t i c s of t h e h a b i t a t t y p e . T h e i n v e s t i g a t i o n 
o f t h e t r a n s f o r m a t i o n p r o c e s s e s t a k i n g p l a c e i n t h e d i f f e r e n t f o r e s t l i t t e r s 
s h o u l d a l w a y s i n c l u d e t h e d e t e r m i n a t i o n of e n z y m e a c t i v i t i e s . 
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DIFFERENCES BETWEEN THE PERFORMANCE 
OF SOWS AND BARROWS 
AND ITS INFLUENCE ON PROGENY TEST RESULTS 
P . H O R N , L . C S A T Ó , M . B A L T A Y a n d J . F A R K A S 
A G R I C U L T U R A L COLLEGE K A P O S V Á R , H U N G A R Y 
(Received: 4 October 1985) 
Investigations were carried out by the authors to determine the differences 
between the fa t ten ing performances and carcass t ra i ts of pigs of different sexes (sows 
and barrows). The effects of these trai ts on the breeding value estimates were also 
analyzed, using the data on 2051 individuals from 4 breeds. 
It was s ta ted that the sex differences should be inevitably taken into account 
for the estimation of the breeding values. In Hungary, this fact is of great importance, 
because the progeny groups consist of sows and barrows. If the rate of sexes differ 
f rom 50 : 50% it is reasonable to ad jus t the data or repeat the investigations. 
Keywords: Sows, harrows, breeding-values, fat tening performance, carcass traits. 
In t roduct ion 
Regarding t h e fa t t en ing pe r fo rmance and o the r pa ramete r s , t he r e are 
f u n d a m e n t a l d i f ferences between pigs of the saine breed , hu t of d i f fe ren t sex. 
These differences a p p e a r mainly in t h e case of sows and hoars (females and 
males) . Similarly, considerable differences can he f o u n d in t h e economical ly 
i m p o r t a n t t ra i ts b e t w e e n sows a n d barrows (females and cas t ra tes) . I n the 
inves t iga t ions we t e s t e d the d i f ferences be tween sows and ha r rows for the 
m o s t i m p o r t a n t p a r a m e t e r s of va r ious H u n g a r i a n breeds having la rge base 
popu la t ions . The e f fec t of these differences in p rogeny tes ts was also invest i-
ga t ed . I n H u n g a r y , t h e progeny t e s t of breeding sows is carried ou t wi th 
p r o g e n y groups consis t ing of females and cas t ra tes . 
A number of older and r e c e n t Hunga r i an publ ica t ions : H o r n (1935) 
Berek e t al. (1982), Holdas (1960), Holdas et al. (1964), Kovács a n d Khan l i 
Uae (1978), Horn e t al. (1982), Csató et al. (1983) provided d a t a on the 
p e r f o r m a n c e di f ferences between sexes in the older and the present d a y pig 
popu la t ions , ma in ly in the sub-popula t ions of b reeds . On t h e di f ferences of 
t h e pe r fo rmance depend ing on sex, in foreign breeds , Copclin et al. (1981), 
C h o r e t t e (1958), P a l e n i k et al. (1955), Gup ta et al. (1982), K i n t a b a et al. 
(1981), Pohar et al. (1975, 1976), S t anda l (1977), S toikov et al. (1982) and 
W o o d (1982) publ i shed valuable d a t a . 
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Methods 
The performance data of the progeny groups, classified over one year on Hungarian 
progeny test stations, served as the basis for our calculations. I t was possible to carry out 
individual evaluations because of the individual housing and survey of data . In the year of 
this investigation, t he da ta on 2588 pigs were available and a detailed analysis was carried 
out on 2051 individuals. The 2051 pigs under examination came from the following 4 breeds: 
the Hungarian Large White, the Estonian, the Swedish Landrace and the German Landrace 
(GDR). The initial body weight amounted to 30 kg at the beginning of the trial. The final 
weight was 103 ± 1 kg, using ad l ibi tum feeding. The management of the pigs w as carried 
out in 4 progeny tes t stations from the beginning of the test until slaughtering, and data were 
recorded accoring to the Hungarian Standard No. 6805. 
Results 
The average values of g r o w t h pe r fo rmance and feed conversion t ra i t s 
f o r breeds and sexes are given in t h e Tables 1 a n d 2. F r o m t h e d a t a it m a y 
b e s t a t e d t h a t : 
— T h e age of p igs a t s laughter ing in 103 kg l ive weight is h ighly dependen t 
on sex. T h e ha r rows of t h e 4 breeds h a d a higher g rowth pe r fo rmance 
compared to t h e sows. 
— T h e number of f a t t en ing d a y s was also h ighly inf luenced b y t h e sex of 
animals (d i f ference being 4—7 days) . Similar ly to the age of s laughter ing, 
t h e barrows w e r e superior t o sows. 
— T h e average of ne t weight gain* are shown in the t h i rd co lumn of the 
Tables 1 a n d 2. I t may he seen t h a n t h e n e t weight gain is also highly 
inf luenced b y t h e sex. Compar ing the sexes wi thin breeds , t h e har rows 
were superior t o sows by 10—18 grams per d a y . 
— T h e sex h a d a higher in f luence t h a n did t h e breed on t h e dai ly weight 
gain during t h e fa t t en ing per iod (gross we igh t gain).** The differences 
between the averages of b reeds a m o u n t e d to 20-45 g per day , a n d between 
t h e barrows a n d sows a b o u t 39-66 g per d a y . The s igni f icant ly higher 
dai ly gain of ba r rows resu l ted in an a d v a n t a g e of abou t 5 - 7 days for t h e 
age at s l augh te r , compared to t h e pe r fo rmance of sows. 
— The f i f t h c o l u m n of Tables 1 and 2 represents t h e feed consumpt ion per kg 
of weight ga in . The de te rmina t ion of these values was m a d e possible b y 
t h e individual allocation of t h e animals. No differences were f o u n d between 
t h e sows a n d ba r rows for feed conversion eff ic iency, when nour i shed wi th 
t h e same n u t r i e n t content a n d t h e same composi t ion of t h e ra t io . 
„ , , . , . carcass weight Net body weight gam — life days 
Brutto body weight gain = ** n », i. j • 1.» body weight gain during the fattening*** 
number of fat tening days 
*** Finishing weight — initial weight 
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T h i s i n d i c a t e s t h a t t h e s o w s p r o d u c e 1 k g w e i g h t g a i n b y c o n s u m i n g 
t h e s a m e a m o u n t of f o o d a s d o t h e b a r r o w s . W i t h r e s p e c t t o t h e f a c t t h a t t h e 
b a r r o w s p r o d u c e t h e s a m e l i v e w e i g h t (on a v e r a g e 7 3 k g b e t w e e n 3 0 - 1 0 3 k g ) 
Table 1 
Mean values of traits related to body weight gain and feed conversion efficiency as affected 
by sex in Hungarian Large White and Estonian pigs 
Average body 
weight gain/day , Average Feed con-
Age at Number of calculated to body weight version per 
Breed Traits slaughter fattening days
 w a r m c a rcass gain/fattening k w e i l , h t 
(d ay<0 («'»У") weight (net P e r i o d fcr<>" , gain (kg) 
weight gain) (g) W M g h t g a i n ) (g) 
Hungarian Large White 
Average (re = 1005) 183.5ЬЬЬ 91.0bbb 435.5bbb 817.0bbb 3.10 
Barrows (re = 487) 180.0*** 87.7*** 444.5*** 850.0*** 3.11 
Sows (n = 518) 187.0 94.4 426.6 784.0 3.08 
Estonian 
Average (n = 367) 175.1 87.2 455.1 853.5 3.09 
Barrows (re = 163) 172.6*** 83.8*** 462.7* 883.8*** 3.11 
Sows (re = 204) 178.4 90.5 447.6 823.1 3.08 
Legends: 
* (P <; 5%) b (P <; 5%) 
** (P ^ 1%) bb (P <: 1%) 
*** (P 5Í 0.1%) within breeds and between sexes bbb (P <; 0.1%) between breeds 
Table 2 
Mean values of traits measured regarding body weight and feed conversion efficiency 
as affected by sex in Swedish Landrace and GDR-Landrace pigs 
Breed Traits 
Age at 
slaughter 
(days) 
Number of 
fattening days 
(days) 
Average body 
weight gain/day 
calculated to 
warm carcass 
weight (net 
weight gain) (g) 
Average 
body weight 
gain/fattening 
period (gross 
weight gain) (g) 
Feed con-
version per 
kg weight 
(kg) 
Swedish Landrace 
Average (n = 306) 182.2bbb 92.1 427.9bbb 807.7bbb 2.95 
Barrows (n = 145) 179.0*** 90.0*** 433.2** 827.1*** 2.97 
Sows (re = 161) 184.7 94.3 422.5 788.3 2.94 
GDR-Landrace 
Average (re = 373) 177.4 90.0 453.6 829.5 2.96 
Barrows (re = 188) 174.4*** 86.9** 461.0* 861.0** 2.96 
Sows (re = 185) 180.3 93.2 446.2 798.5 2.96 
Legends: see Table 1. 
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Table 3 
Mean values of some carcass trails as affected by sex in Large White breeds 
Breeds Traits 
Shoulder, 
m m 
Fat thickness 
midback, 
m m 
Loin, 
m m 
l iat io of fat, 
0/ /0 
Ratio of 
valuable cuts, 
% 
Weight of 
valuable cuts, 
left side, 
kg 
Loin eye area, 
cm2 
Carcass 
length, 
cm 
Hungarian Large White 
Average (n 1005) 
Barrows (n = 487) 
Sows (re = 518) 
43.2 
44.6*** 
4 1 . 8 
24.0 
25.2*** 
22.7 
27.0 
28.8*** 
25.3 
35.3bb 
36.3*** 
34.4 
42.4b 
41.5*** 
43.3 
16.6 
16.2*** 
16.9 
35.0bbb 
33.4*** 
36.4 
98.3bbb 
98.0* 
98.6 
Estonian 
Average (n — 367) 
Barrows (n = 163) 
Sows (re = 204) 
42.9 
44.4,*** 
41.5 
24.4 
25.7*** 
23.2 
26.8 
28.2*** 
25.5 
36.9 
37.7*** 
36.1 
41.8 
41.1*** 
42.5 
16.4 
16.1*** 
16.6 
36.4 
35.1*** 
37.6 
97.5 
97.3 
97.7 
Legends: see Table 1. 
Table 4 
Mean values of some carcass traits as affected by sex in the Landrace breeds 
Breeds Traits 
Shoulder, 
cm 
Fat thickness 
midback, 
cm 
Loin, 
cm 
Ratio of fat, 
% 
Ratio of 
valuable cuts, 
% 
Weight of 
valuable cuts, 
left side, 
kg 
Loin eye area, 
cm2 
Carcass 
length, 
cm 
Swedish Landrace 
Average (n = 306) 
Barrows (n = 145) 
Sows (re = 161) 
35.8bbb 
37.0*** 
37.0 
19.4bbb 
20.4*** 
18.5 
19.0bbb  
20.2*** 
17.8 
32.4bb  
32.8* 
32.0 
44.7 
44.1*** 
45.3 
17.0b 
16.8*** 
17.3 
36.8bbb 
35.3*** 
38.3 
100.2bbb 
100.0 
100.3 
GDR-Landrace 
Average (re = 373) 
Barrows (re = 188) 
Sows (re = 185) 
39.2 
39.5 
38.9 
24.1 
25.2*** 
23.0 
24.0 
25.2*** 
22.7 
32.8 
33.7*** 
31.9 
44.7 
43.7*** 
45.6 
17.6 
17.2*** 
18.0 
42.3 
40.6*** 
44.1 
98.3 
98.1 
98.5 
Legends: see Table 1. 
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w i t h the same f e e d conversion b u t about 5 - 7 d a y s earlier t h a n t h e sows, i t is 
clear t ha t the sows have a lower daily feed consumpt ion du r ing t h e f a t t e n i n g 
per iod compared to the ba r rows . Consequent ly , t h e higher da i ly gain of ha r -
rows during t h e f a t t en ing pe r iod (gross and n e t gain) resul ted in their h igher 
da i ly feed consumpt ion (be t te r appet i te) . 
The averages of breeds f o r some i m p o r t a n t t ra i t s de t e rmin ing the s laugh-
t e r value and t h e averages of ba r rows and sows wi th in breed as well, are s u m -
mar ized in Tab le s 3 and 4. I t appea red t h a t : 
— The fa t th i ckness m e a s u r e m e n t s are charac te r i s t ic for t h e breed , and these 
are also in f luenced by sex. T h e fa t th ickness was higher for t h e barrows a t 
the 3 loca t ions by abou t 2—3 m m . 
— The a m o u n t and rat io of f a t is highly in f luenced by sex. The difference 
amounted t o 0.5-1.5 kg of f a t (carcass a b o u t 0.8-1.9 k g for the bar rows) . 
— Considering t h e amoun t a n d rat io of t h e va luab le cuts shown in Tables 3 
and 4, it m a y be s ta ted t h a t for these t r a i t s also the sows were superior t o 
the bar rows . The ham a n d loin — the m o s t i m p o r t a n t a n d heaviest va lu -
able cuts —, were t enden t ious ly more f a v o u r a b l e in t h e sows. The loin eye 
area of t h e sows was larger in all inves t iga ted breeds (by a b o u t 3.0-3.5 cm2) 
compared to t h e bar rows. 
— Considerable sex differences could be f o u n d for the super io r i ty of carcass 
length in t h e sows, by a b o u t 5 m m c o m p a r e d to the ha r rows , in the f o u r 
inves t iga ted breeds. 
Influence of sex on the progeny test results 
Because of the p e r f o r m a n c e differences be tween sexes i t is jus t i f ied t o 
question how t h e es t imat ion of breeding v a l u e of the p a r e n t s is inf luenced b y 
t h e pooled resu l t s of p rogeny groups of b o t h sexes, by us ing t h e progeny t e s t . 
To what e x t e n t is the de t e rmina t ion of t h e real b reed ing va lue of p a r e n t s 
biased by t h e f a c t — in a n y w a y — the r a t i o of sexes in t h e progeny g r o u p 
was not e q u a l ? According t o the Hungarian Standard for Pig Progeny Test 
(MSZ 6805) t h e breeding v a l u e of hoars shou ld be d e t e r m i n e d on the bas i s 
of pooled d a t a f r o m 10 or 12 progenies* wi th a sex ra t io of 5 0 - 5 0 % ( B a r r o w : 
sow). The p r o g e n y test of b reed ing sows is car r ied out on on ly two progenies , 
i.e. one sow a n d one ha r row. 
When car ry ing out t h e examina t ions , i t may h a p p e n t h a t the r a t io of 
sexes ( 5 0 - 5 0 % ) changes because of the possible losses (diseases, t r a n s p o r t 
losses, etc.) in the p rogeny group. For t h e modif ica t ion of t h e index-va lue , 
because of t h e reasons m e n t i o n e d above, a model calculat ion was carried o u t . 
* Carrying out the progeny test of boars 4—4 individuals of 3 non-related litters or 2—2 
individuals of 5 non-related l i t ter should be evaluated in central test stations. 
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Table 5 
Progeny test index scores of boars depending on the sex ratio of the progenies 
Sex of the progenies 
Breed
 1 0 0 о / 1 0 0 о / 50 : 50% 67 : 33% 33 : 67% 100% 
barrows sows 
barrows and sows 
Hungarian Large White 
Estonian 
Swedish Landrace 
GDR-Landrace 
100.4 
101.8 
103.7 
107.7 
103.0 
103.7 
105.4 
110.3 
101.6 
102.7 
104.5 
109.0 
101.2 
102.4 
104.2 
108.6 
102.1 
103.1 
104.8 
109.5 
For this pu rpose , we used t h e da ta r ep resen t ing the averages of t h e e x a m i n e d 
popu la t ion . Based on the Hungarian Standard No. 6805, t he index-va lues* 
of the p r o g e n y groups f r o m various h o a r s were ca lcu la ted — s u b s t i t u t i n g the 
averages of breeds and sexes — by c h a n g i n g the sex r a t i o of progenies in the 
examined 4 breeds. 
Some of these va r i a t i ons (50 : 5 0 % , 67 : 33%, 100%) are shown in the 
Table 5. I t m a y be seen t h a t the d i f ferences f rom t h e devia t ions of sex ra t io 
in the p r o g e n y groups a re well c o m p e n s a t e d by the p r o g e n y test i ndex . 
In e x t r e m e cases, i .e . by qua l i fy ing a hoar based only on t h e per for -
mances of har row progenies , not more t h a n 2 index scores, and for the Hun-
garian Large White, 3 i n d e x scores, could be s ta ted . A smal l d i spar i ty in t h e 
sex ra t io of 50 : 50% as ru led by the Hungarian Standard (for ins tance , d rop-
ping out of a sow or b a r r o w f rom t h e p rogeny group) causes only a decimal 
change in t h e progeny t e s t index va lue of t h e hoar . W i t h respect to t h e f a c t 
t h a t the i n d e x value shou ld he given in a whole n u m b e r , t h e decimal changes 
caused b y sex disparit ies undeserved ly m o d i f y either posi t ively or nega t ive ly 
the b reed ing value of a h o a r , because of t h e " round ing u p " procedure . 
All t h e s e call a t t e n t i o n to the f a c t t h a t the modi f i ca t ion of sex ra t io , 
and the e v a l u a t i o n of t h e resul t s of p r o g e n y groups b y chang ing t h e sex r a t i o 
of 50 : 5 0 % , canno t be a d m i t t e d . No al lowances should he m a d e for the p r o g e n y 
tes t of sows because of t h e small n u m b e r of progenies (1 sow and 1 b a r r o w ) . 
* Based on the Hungarian Standaid No. 6805-81 the index-point values (scores) of 
progeny test for the parents are calculated by the formula as follows: 
IlTV = 100 + 0.2 ( s - s ) + 0.02 ( t - t ) + ( / - / ) + 2 (h—h) + ( m - m ) , where 
s = net body weight gain of progenies per l ifeday (g) 
l = average feed conversion efficiency of progenies during test (g) 
/ = average fa t percentage of the progenies ( % ) 
h = average valuable cuts percentage of progenies (%) 
m = average meat quality scores of progenies 
s, t , f , h, m = corrected national breed averages of the parameters for the last two years. 
The index value should be given by rounding up the value to a whole number. 
Acta Agronomica Hungarica 37, 1988 
T H E P E R F O R M A N C E O F S O W S A N D B A R R O W S 99 
I t w a s convincingly p roved b y t h e results of ou r invest igat ions t h a t 
there are differences b e t w e e n t h e i m p o r t a n t parameters of female and c a s t r a t e d 
pigs. B y changing the sex ra t io of 50 : 5 0 % in the p r o g e n y groups a n d this 
seldom occurs in the p rac t i ce , no basic differences a p p e a r in the index va lue 
of the b o a r . I t may he concluded t h a t f u r t h e r inves t iga t ions are n e e d e d to 
e labora te t h e method of qual i f ica t ion (progeny test) b a s e d on the p r o g e n y 
tests w i t h only males or on ly females. (Such invest igat ions a re soon in progress .) 
S u m m a r y 
Investigations were carried out on 2051 pigs to determine the differences between the 
performances of sows and barrows using an ad libitum feeding system, and slaughtering the 
animals a t the live weight of 103 ^ 1 kg, and their influences on the progeny test results as 
well. The distribution of the 4 purebred populat ion was as follows. The Hungarian Large 
White, 1005 pigs; the Estonian, 367 pigs; the Stcedish Landrace, 306 pigs; and the German 
Landrace (GDI!), 373 pigs. The experiments were carried out in performance test stations, 
with an initial weight of 30 kg. The fattening and slaughtering were carried out according to 
the Hungarian Standard No. 6805, under standardized conditions. Based on the evaluation of 
the data it could be stated t h a t . 
(1) The growth performance of pigs is significantly influenced by sex, and the live 
weight gain/fattening days was higher for barrows. 
(2) There were no differences between barrows and sows for the feed conversion 
efficiency. 
(3) The barrows had a higher fa t thickness (2-3 mm/location) and a higher f a t content 
(0.8-1.9%) t h a n the sows. 
(4) W i t h respect to the valuable cuts, the castrates were at a disadvantage of 1.2-1.8%, 
compared to the sows. 
(5) The progeny test results are influenced by the sex differences between the parameters 
when the sex ratio of the progeny group differed f rom the Hungarian Standard, i.e. f r om the 
ratio of 50 : 50%. These circumstances, the incidence of which m a y not be excluded under 
practical conditions of the progeny test, could be compensated by the correction of progeny 
test results to a sex ratio of 50 : 50%. 
(6) The possible modifications caused b y the sex differences in the progeny test of 
parents (mainly boars) make it necessary to elaborate methods for t he progeny test, based on 
progeny groups of the same sex. 
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Animal breeding 
REPLACEMENT OF EXTRACTED SOYA PROTEIN 
RY VARIOUS SWEET LUPIN SPECIES IN PIG FEED 
M A R I A N N E S Z E L É N Y I - G A L Á N T A I , J O L Á N J É C S A I a n d В . J U H Á S Z 
R E S E A R C H I N S T I T U T E FOR A N I M A L N U T R I T I O N , H E R C E G H A L O M , H U N G A R Y 
(Received: 8 May 1985) 
In N-metabolism test (30—50 kg) and fa t ten ing experiments (30-100 kg) with 
pigs 30% and 50% of soya protein was replaced by the yellow-flowered Borluta and 
the white-flowered Nyírségi sweet lupin varieties, respectively, in a feed mixture based 
on cereals. 
In the N-metabolism tes t the 30% replacement of soya protein by Borluta 
and Nyírségi lupins resulted in a daily N-retention of 17.40 and 19.02 g, respectively; 
while with the 50% replacement the daily N-retention was 18.70 and 20.96 g respec-
tively, in the above order. 
In the fat tening experiments the daily body weight increase achieved was 588 g 
with the var ie ty Nyírségi and 549 g with the Borluta . 
The feed conversion was 3.52 kg with the var ie ty Nyírségi and 3.92 kg with the 
Borluta; t h a t is, the former proved better than the lat ter in every respect. However, 
in the fa t tening experiments the results of the control (soya) group (daily body weight 
increase: 676 g, feed conversion: 3.32 kg) were significantly bet ter (P < 0.01) t h a n 
those of the groups given experimental feed. 
Keywords: Lupinus sp., fattening value, cereal feed mixture. 
Introduct ion 
The seed of lupine species ( L u p i n u s sp. L.) can be t a k e n in to account as 
a n a l te rna t ive source of p ro te in in the feed of monogas t r ic an imals . There a r e 
r epor t s on t h e resul t s of expe r imen t s in w h i c h t h e variet ies were found t o 
h a v e different degrees of an t i nu t r i t i ve effect ; in t h e course of other experi-
m e n t s p lant b reeders p roduced varieties f ree of alkaloid — which is one of 
t h e causes of t h e an t inu t r i t i ve effect —, a n d ob ta ined f avou rab l e results b y 
feed ing them. 
Yosloo (1960), S m e t a n a a n d Morris (1972), K r a c h t et al . (1973), H o v e 
(1974) and Schröder and Fa r r i e s (1976) descr ibe of exper iments mostly w i t h 
Aus t ra l ian , N e w Zealand a n d G D R variet ies wh ich gave f avourab le resul t s 
owing to the i r h igh nu t r i t i ve a n d very low a n t i n u t r i t i v e effects . 
Schulz a n d Petersen (1978) call a t t e n t i o n to the f ac t t h a t changes in 
t h e prices of p ro t e in feeds m a k e i t u n d o u b t e d l y necessary even in the G e r m a n 
Fede ra l Republ ic t o increase t h e product ion of domest ic p ro te in fodders — of 
lup ine among o the r s — and t h e i r use as feed. 
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Accord ing to F lorence (1965) t h e b o d y weight gain of pigs was un favou r -
able i n f luenced when in t h e cereal b a s e feed ratio half of the f i shmea l prote in 
was r ep laced by sweet lup ine seed. 
T a v e r n e r (1975) a t t r i b u t e s th is e f f ec t mainly to t h e u n f a v o u r a b l e rat io 
of essent ia l amino acids in the p ro te in of lupine seed, to the small q u a n t i t y 
of lysine a n d meth ionine in the f i r s t place, the l a t t e r being l imi t ing com-
ponen t s in cereals too . Secondly, t h e considerable a m o u n t of f ib re ( 1 4 % on 
an average) may also b e d i sadvan tageous . Fur the r , t h e average 5 % oil con-
t en t of t h e lupine seed m a y increase t h e softness of t h e pig's la rd . I n earlier 
c o m p a r a t i v e examina t ions concerning l u p i n e varieties (Szelényi-Galánta i et al. 
1983) we de termined t h e nu t r i en t c o n t e n t and the biological va lue of protein 
for a n u m b e r of H u n g a r i a n and fore ign varieties. The resul ts revea led a close 
corre la t ion (r = 0.89) be tween t h e me th ion ine and cys t ine con ten t a n d the 
biological va lue of t h e lup ine seed p r o t e i n . These correla t ion encouraged us 
to t r y t o improve the biological va lue of lupine prote in b y meth ion ine supple-
ments a n d completion w i t h other f o d d e r s . Expe r imen t s t o this end w i t h albino 
ra ts y ie lded favourab le results (Szelényi-Galánta i et al. 1984), n a m e l y , the 
lupine seed when supp lemen ted wi th 0 . 3 % dl-methionine and fed w i t h whea t 
was n e a r l y equal in biological value t o t h e ext rac ted soya . 
Whi l e inves t igat ions have long s ince been carried ou t in H u n g a r y (Gundel 
et al. 1977, Fekete et al . 1978) concern ing the use of lup ine seed in p ig feeding, 
on t h e bas is of wha t h a v e been to ld a b o v e we felt jus t i f i ed in s u b s t i t u t i n g 
par t ly H u n g a r i a n b red (Nyírségi swee t white) pa r t l y G D R (Bor lu ta yellow) 
var ie t ies for 30% a n d 5 0 % , respec t ive ly , of e x t r a c t e d soya p ro te in in the 
fodder m i x t u r e of y o u n g pigs. The inves t iga t ions were carr ied out w i t h young 
pigs in N-metahol i sm exper iments o n t h e one h a n d , and in g roup feeding 
expe r imen t s over a ful l f a t t en ing pe r iod , on the o ther . W i t h the resu l t s of our 
expe r imen t s we wished t o provide a n s w e r s to the ques t ions of 
— w h e t h e r soya s u b s t i t u t e d at v a r i o u s rat ios for lup ine protein caused dif-
fe rences in the p ro t e in metabo l i sm a n d fa t t en ing pe r fo rmance of young 
pigs, on the one h a n d , and 
— w h e t h e r these examina t ions wou ld po in t out a n y difference b e t w e e n the 
two var iet ies , on t h e other . 
Material a n d methods 
The pig feeding experiments were conducted with Borluta yellow (L. Intens) and 
Nyírségi whi te (L. albus) lupines grown in 1983 a t the same site. The nutrient content of the 
experimental fodders was determined according to standard MSZ No. 6830-79. The amino 
acid composition was established with a Biocal-200 type automat ic amino acid analyser. 
The to ta l alkaloid content was indicated on the basis of s tandard MSZ No. 08-1362-80 
(Table 1). 
The N-metaholism tes ts were performed with large white barrows of 30-50 kg body 
weight. Each experimental feed was examined with 4 animals of the same age and body 
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Table 1 
Nutrient content of seed in various lupine varieties 
Borluta yellow Nyírségi white 
lupine 
(Lupinus 
Intens) 
(Lupinus 
albus ) 
Dry matter content 86.0 86.0 
Crude protein 42.4 36.9 
Crude fat 4.0 7.2 
Crude fibre 14.0 11.0 
Crude ash 3.7 3.5 
N-free extract 21.9 27.4 
Lysine 2.32 2.23 
Methionine 0.30 0.46 
Cystine 0.61 0.49 
Asparagie acid 4.88 4.35 
Threonine 1.71 1.61 
Serine 2.40 2.22 
Glutamic acid 9.33 9.91 
Proline 2.04 2.35 
Glycine 1.16 1.00 
Alanine 1.31 0.96 
Valine 1.63 1.54 
Isoleucine 2.34 2.04 
Leucine 3.70 3.69 
Tyrosine 1.57 1.62 
Phenylalanine 2.31 4.35 
Mistidine 1.09 0.98 
Arginine 4.25 4.35 
Total alkaloids 0.11 0.09 
Table 2 
Feeding pattern in the N-metabolism test 
I. N-metabolism test 
Protein source distribution in 
E x t r a c t u m 
soya 
Borluta y e l l o w 
sweet lupine 
Extractum Borluta yellow 
soya ' sweet lupine 
E x t r a c t u m , 
soya 
Borluta y e l l o w 
sweet lup ine 
100% 0 % 70% 30% 
II. N-metabolism test 
Protein source distribution in 
5 0 % 5 0 % 
E x t r a c t u m 
soya 
Borluta ye l low 
sweet lupine 
Extractum , Borluta yellow 
soya sweet lupine 
E x t r a c t u m , 
soya 
Borluta y e l l o w 
sweet l u p i n e 
100% 0 % 70% 30% 5 0 % 5 0 % 
weight in a 5-day experimental period after 9 days of preliminary feeding. The experimental 
feeding followed the pa t te rn seen in Table 2. Each group of 4 pigs consumed f i r s t the basic 
soya feed, then a fodder mixture combined with increasing proportions of Bor lu ta (experi-
ment series I) and Nyírségi (experiment series I I ) sweet lupine, respectively. 
The body weight of the animals was t aken on the f i rs t and last day of t he experi-
mental period. Further, the quanti ty of N consumed in the feed and excreted in the faeces 
and urine was measured every day in order to establish the N-balance. (N determination 
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Table 3 
Percentage composition and nutrient content of fodder mixtures used 
in N-metabolism tests with pigs 
Group 
1 2 3 4 
Maize 43.90 41.00 40.00 41.00 40.00 
W h e a t 41.00 43.85 44.35 43.35 43.85 
E x t r . soya 13.00 9.00 9.00 6.50 6.50 
Bor lu ta yellow lupine — 4.00 — 7.00 — 
Nyírségi white lupine — — 4.50 — 7.50 
I-lysine 0.10 0.15 0.15 0.15 0.15 
dl-methionine 0.10 0.10 0.10 0.10 0.10 
Cattle-salt 0.40 0.40 0.40 0.40 0.40 
Feed line 0.50 0.50 0.50 0.50 0.50 
647 premix (Biogal) 1.00 1.00 1.00 1.00 1.00 
Crude protein content 15.8 15.7 15.5 15.8 15.4 
Digestible crude protein content 12.9 13.2 13.3 13.3 13.1 
S tarch value, g/kg 740 739 740 739 740 
D E , MJ/kg 14.7 14.5 14.5 14.5 14.4 
Methionine content 0.32 0.34 0.34 0.32 0.33 
Methionine -f- cystine content 0.56 0.55 0.57 0.54 0.55 
Lysine content 0.74 0.75 0.78 0.74 0.77 
Table 4 
Nutrient content of feed used in the group fattening experiment 
Group 
1 2 3 
I . Fattening phase 
Crude protein, % 15.6 15.3 15.6 
Starch value, g/kg 745 735 734 
DE, MJ /kg 14.5 14.4 14.4 
Lysine, % 0.76 0.72 0.71 
Methionine, % 0.34 0.33 0.32 
Methionine -)- cystine, % 0.57 0.54 0.53 
Price of 100 kg fodder 
mixture , F t 632.59 608.97 606.45 
I I . Fattening phase 
Crude protein , % 13.3 13.8 14.1 
Starch value, g/kg 741 737 737 
DE, MJ/kg 14.4 14.3 14.4 
Lysine, % 0.56 0.60 0.60 
Methionine, % 0.31 0.31 0.30 
Methionine + cystine, % 0.51 0.51 0.50 
Price of 100 kg fodder 
mixture , F t 552.92 552.16 548.87 
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with KjeldahVs method.) From these data we could establish the apparen t digestibility of 
protein and the productive conversion of N. (Productive N utilization = N-balance/consumed 
quanti ty of N.) 
In the fodder mixture used for the N-metabolism test the ext rac ted soya protein was 
replaced by Nyírségi and Borluta lupines to 30% and 50%, respectively. In the fodder mix-
tures the crude protein content and starch value and digestible energy content, respectively, 
were practically the same. With 0.1 and 0.15% 1-lysine, respectively, and 0.1% dl-methionine 
supplemented we established tha t the feed rations covered the pigs" requirements of these 
amino-acids. The quantities of the essential amino acids mentioned were also the same in all 
fodder mixtures (Table 3). 
The group fattening experiment was carried out in the Mezőfalva Agricultural Com-
binate with 20 large white pigs of mixed sex (30—100 kg in body weight) per group. 
In the group fattening experiment, fattening was divided in two phases. In phase I, 
the body weight of the animals was 30—60 kg; in phase I I , 60-100 kg. The difference between 
the diets of the two phase was t h a t as regards composition and nu t r ien t content, t he feed 
given in phase I totally agreed wi th those feeds of the N-metabolism tes t in which 5 0 % of 
the soya protein was replaced by the Borluta and Nyírségi lupine variet ies (Table 3; groups 
4 and 5). On phase I I , on the other hand, the average crude protein content of the fodder 
mixtures was 13.5%, as we reduced the proportion of soya from 6 % to 3 % while leaving the 
percentage proportion of lupine unchanged. This reduction of the proportion of soya was 
accompanied by a decrease in the quant i ty of lysine in the fodder mixture of phase II (Table 4.) 
Results 
Tab le 1 gives the crude nu t r i en t , a m i n o acid and t o t a l alkaloid c o n t e n t 
for t h e sweet lupine variet ies Bor lu t a and Nyírségi . The c r u d e protein c o n t e n t 
is 42 .4% in Bor lu ta bu t on ly 36 .9% in t h e var ie ty Nyí rség i . These v a l u e s 
agree w i th those published b y Ródis et al. (1983) for the s a m e varieties. T h e r e 
is a considerable difference be tween the t w o varieties in c rude fa t c o n t e n t 
(4 .0% a n d 7 .2%, respect ively) and crudc f ib re content (14 .0% and 1 1 . 0 % , 
respect ively) . The to ta l a m o u n t of su lphur-conta in ing a m i n o acids a n d t h e 
lysine con t en t are also equal in the t w o varieties. The difference in t o t a l 
alkaloid con ten t — 0.11% a n d 0 .09% respect ive ly — b e t w e e n t h e two va r ie t i e s 
in minimal . The fodder m i x t u r e s prepared w i t h the two l u p i n e variet ies men-
t ioned and t h e ma jo r character is t ics of the i r nut r ient c o n t e n t are s h o w n in 
Table 3. 
N-metabolism tests 
In t h e N-metahol i sm t e s t I young pigs of 32 kg ave rage weight c o n s u m e d 
f i rs t a feed p repa red wi th soya (group 1); t h e n a fodder m i x t u r e with B o r l u t a 
lupine s u b s t i t u t e d for 3 0 % of soya prote in (group 2) was g iven to an ima l s of 
40 kg b o d y weight , and w i th Bor lu ta s u b s t i t u t e d for 5 0 % of soya p r o t e i n to 
animals 48 kg in body weight . 
T h e N-metabol i sm t e s t I I was carr ied out in a s imi la r way w i t h t h e 
va r ie ty Nyírségi . 
As seen in Table 5 t h e b o d y weight of young pigs w h e n consuming t h e 
basic soya diet was exact ly t h e same in b o t h N-metabo l i sm tes ts . Di f fe rences 
appeared however , in t h e N- in t ake of t h e animals , due t o a lower f eed con-
sumpt ion . T h e q u a n t i t y of N excreted in t h e urine and faeces was, howeve r , 
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Table 5 
Changes in N-metabolism and protein utilization 
Distribution of protein source 
Parameters of e x a m i n a t i o n 
E x t r a c t u m 
s o y a 
Borluta yel-
low-sweet 
lupine 
E x t r a c t u m 
soya 
Borluta ye l -
+ low s w e e t 
lupine 
Extractum , Bor luta yel-
soya + 1 о У s w e e t 
lupine 
1 0 0 % 
-
7 0 % 3 0 % 50% 5 0 % 
I . N-metabolism test 
X body weight, kg 32 40 48 
Daily X feed uptake , g 1555 1720 1800 
Daily X N-balance, g 15.91 17.40 18.70 
N-balance g/live weight0 '67 1.56 1.47 1.40 
N-digestibility, % 78.8 84.3 84.0 
Productive N-utilization, % 42.5 40.2 43.3 
Distr ibut ion of protein source 
Parameter of e x a m i n a t i o n 
E x t r a c t u m 
soya 
Nyírségi 
•white sweet 
lupine 
E x t r a c t u m 
soya 
Nyírség i 
+ white s w e e t 
lupine 
Extractum , Nyírség i 
soya whi t e sweet 
lnpiue 
100% 
-
7 0 % 30% 50% 5 0 % 
I I . N-metabolism test 
X body weight, kg 32 41 50 
Daily X feed uptake , g 1400 1700 1900 
Daily X N-balance, g 16.13 19.01 20.96 
N-balance g/live weight0 67 1.58 1.58 1.52 
N-digestibility, % 84.0 85.8 85.4 
Productive N-utilization, % 49.7 47.4 47.2 
subs tan t ia l ly m o r e with t h o s e animals whose N-up take w a s higher, w i t h t h e 
consequence t h a t the N - b a l a n c e showed h a r d l y any d i f ference (15.91 and 
16.13 g, respect ively) . The a n i m a l s tha t t o o k up more N excre ted more N in 
t h e faeces, consequent ly t h e appa ren t N-digest ibi l i ty w a s only 78 .8%; while 
i n t h e N-metabol i sm test I I , t h e y reached 8 4 % . This d i f fe rence is seen as well 
i n t h e p roduc t ive N-convers ion. Namely, w h e n the N - u p t a k e was h igher t h e 
produc t ive N-conversion w a s only 42 .5%, while wi th a lower N - u p t a k e , it 
r o s e to 49 .7%. 
When 3 0 % of the s o y a protein was replaced b y l u p i n e the N-ba l ance 
w a s 17.40 g w i t h Borluta a n d 19.01 g wi th Nyírségi c o n s u m e d . The d i f fe rence 
i n N-digest ibi l i ty was small ( 8 4 . 3 % and 8 5 . 8 % , respect ively) . The p r o d u c t i v e 
N-uti l izat ion w a s , however, 4 7 . 7 % with t h e va r i e ty Nyí rség i and 40 .2% w i t h 
Bor lu t a . 
When 5 0 % of the soya p ro t e in was rep laced by l u p i n e t h e N-metaho l i sm 
w a s invariably more f a v o u r a b l e wi th the v a r i e t y Nyírségi, t h e daily N-ba l ance 
b e i n g 18.70 g w i t h Borluta a n d 20.96 g wi th Nyírségi c o n s u m e d by the an ima l s . 
T h e value of N-digest ibi l i ty w a s equal to t h a t in the f o r m e r N-metabol i sm t e s t . 
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The p roduc t i ve N-ut i l izat ion sl ightly i m p r o v e d (43.3%) w i t h Borluta a n d did 
not change w i th t h e v a r i e t y Nyírségi. 
Since t h e N-metabo l i sm tes t s could n o t be carried o u t with an ima l s of 
to ta l ly equa l b o d y weight , t h e dai ly N-ba lance of the s o y a group fell b e h i n d 
t h a t of t h e groups given lup ine . For th is v e r y reason we give the N-ba lance 
values for metabol ic weight (live weight0 - 6 7) as well. Accordingly, i n t h e 
N-metabo l i sm tes t I i t is 1.56 for t h e soya group, t h e n 1.47 and 1.40 g/live 
weight 0 -67 w i th increasing p ropor t ions of B o r l u t a s u b s t i t u t e d for soya p r o t e i n . 
In the N-metabo l i sm tes t I I , w i th t h e v a r i e t y Nyírségi subs t i t u t ed fo r soya 
prote in t h e corresponding va lues are 1.58, 1.58 and 1.52 g/live weight 0 - 6 7 
These values indica te t h a t soya as a n ideal source of protein gives t h e 
most f a v o u r a b l e N-re ten t ion . W i t h a 3 0 % replacement b y t h e lupine v a r i e t y 
Nyírségi t h e resul t of the soya group can be main ta ined , h u t when s u b s t i t u t i n g 
t h e v a r i e t y Bor lu ta for soya t h e N-balance will slightly decl ine. 
Fattening experiments 
T h e m a j o r character is t ics of the g roup fa t ten ing exper imen t a re sum-
marized in Table 6. Since t h e results of t h e N-metabol i sm tes t showed t h a t 
even a 5 0 % replacement of t h e soya p ro te in b y lupine d id n o t prove u n f a v o u r -
able for t h e balance, d igest ib i l i ty and u t i l iza t ion of N, w e used this r a t i o in 
Table 6 
Major data of the group fattening experiment 
Group 
l 
(control) 2 3 
Initial body weight, kg 31 31 31 
Body weight at the end of fattening 
phase I, kg 66 60 62 
Body weight at the end of fattening 
phase II , kg 100 87 91 
Number of fattening days 102 102 102 
Daily body weight gain in phase I 
(31-66 kg), g 648 537 574 
Daily body weight gain in phase II 
(66-100 kg), g 708 562 604 
Daily body weight gain during the whole 
fattening period (31-100 kg), g 676 549 588 
Fodder mixture used for 1 kg body 
weight gain, kg/kg 3.32 3.92 3.52 
Price of fodder mixture used for 1 kg 
body weight gain, F t 19.56 22.65 20.25 
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phase I of t h e fa t ten ing e x p e r i m e n t , t ha t is wi thin 31 a n d 30 kg body weigh t 
of animals. I n phase I I , in accordance w i t h t h e pract ice of large f a rms , we 
used a fodder mixture c o n t a i n i n g 13.4% c rude protein in bo th the cont ro l 
(group 1) a n d t h e two e x p e r i m e n t a l g roups . The dai ly we igh t gain of pigs 
was 676 g in t h e control a n d 549 and 588 g in the groups given Bor lu ta a n d 
Nyírségi lup ine , respect ively, in the fed. T h e amount of f o d d e r mix ture used 
u p for 1 kg b o d y weight ga in followed t h e same t e n d e n c y : i t was 3.32 kg in 
g roup 1; 3.92 k g in group 2 ; a n d 3.52 kg in group 3. Ca lcu la ted at 1984 pr ices 
t h e cost of t h e fodder m i x t u r e consumed for 1 kg b o d y weight gain was 
19.56 Ft in g r o u p 1, 22.65 F t i n group 2, a n d 20.25 F t in g roup 3. 
Discussion 
According to the resu l t s of N-metabol i sm tests, 5 0 % of the soya p ro t e in 
c a n be replaced by either of t h e two lup ine varieties, b u t wi th the v a r i e t y 
Nyírségi b e t t e r N-re tent ion a n d product ive conversion c a n be achieved t h a n 
t h e Borluta. T h e differences a r e not , however , s ignif icant . 
In the g roup- fa t t en ing exper iment , t h e results of t h e control g roup 
(group 1) were signif icantly b e t t e r (P < 0.001) than those of t h e groups given 
lup ine in the f eed . A compar i son of the two lupine-groups revea l s t ha t t h e da i ly 
weight gain of animals c o n s u m i n g the v a r i e t y Nyírségi w a s 7% and t h e i r 
f e e d conversion 10% be t t e r t h a n in the g r o u p given t h e v a r i e t y Bor lu ta . T h e 
resul ts of t h e exper imenta l g r o u p s were a t t h e same t ime worse than those of 
t h e control. Th i s confirms o u r earlier s t a t e m e n t (Szelényi-Galántai et al. 1984) 
t h a t apart f r o m a def ic iency of sulphur-containing a m i n o acids and lysine 
t h e r e are o t h e r an t inu t r i t ive fac tors in t h e lupine which are responsible for 
t h e fact t h a t fodde r mix tu re s prepared w i t h lupine va r i e t i e s does no t r e a c h 
t h e efficiency of those c o m b i n e d with good qual i ty soya . This an t i nu t r i t i ve 
ac t ion is r e l a t ed to the a lka lo id content of t h e lupine, s ince t h e tota l a lka lo id 
con t en t of t h e lupines used in t h e expe r imen t did not exceed the prescr ibed 
l im i t (Takarmánykódex 1984), and its p r o p o r t i o n in t h e f o d d e r mix tu re did 
n o t reach 0 . 0 3 % , a q u a n t i t y considered acceptable b y R u i z et al. (1977). 
The lys ine demand of p i g s was suff iced b y 0.1% lys ine supplemented in 
t h e soya group . The lysine s u p p l e m e n t g iven in the lupine groups was 0 . 1 5 % 
a n d al though th i s quan t i ty of lysine was e q u a l to t ha t supp l i ed in the con t ro l 
i t seems not t o have fully compensa t ed fo r t h e u n f a v o u r a b l e nutr i t ive e f fec t 
of the lupine. I n spite of t h i s , according t o ou r fa t ten ing resu l t s 7 .5% of t h e 
Nyírségi whi te lupine v a r i e t y in the fodder mix tu re kep t t h e feed convers ion 
of the pigs on a favourable l eve l , so this H u n g a r i a n v a r i e t y should be given 
preference w h e n preparing concen t ra t e s for pigs . 
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Y e t , i t s h o u l d b e n o t e d t h a t t h e f a v o u r a b l e r e s u l t s of t h e N - m e t a b o l i s m 
t e s t s w e r e n o t f u l l y c o n f i r m e d b y t h e s e m i - s c a l e f a t t e n i n g e x p e r i m e n t s . T h i s 
m a y a l s o m e a n t h a t i n a r e l a t i v e l y s h o r t p e r i o d t h e l u p i n e d o e s n o t m a k e i t s 
a n t i n u t r i t i v e e f f e c t f e l t t o s u c h a n e x t e n t a s i t d o e s i n a f u l l f a t t e n i n g p e r i o d . 
O n t h i s p o i n t t h e e x p e r i m e n t s c a r r i e d o u t b y J é c s a i e t a l . ( 1985) w i t h w h i t e 
r a t s p r o v i d e s o m e i n f o r m a t i o n ; n a m e l y , i n a l o n g - t e r m e x p e r i m e n t ( 6 0 d a y s ) 
t h e y f o u n d t h a t t h e l u p i n e , e v e n w h e n c o m p l e t e d b y o t h e r f o d d e r s a n d s y n -
t h e t i c a m i n o a c i d s , e x e r c i s e d a c e r t a i n d e p r e s s i v e e f f e c t m a n i f e s t e d i n l o w e r 
b o d y w e i g h t g a i n . T h i s d e p r e s s i v e e f f e c t i n v o l v e d a n i n c r e a s e i n t h e u r e a c o n -
t e n t o f b l o o d a n d c h a n g e s in t h e a m i n o a c i d c o m p o s i t i o n of t h e l i v e r . A l l t h i s 
m e a n s t h a t w h e n i n a f o d d e r m i x t u r e b a s e d o n c e r e a l s o y a is t h e o n l y s o u r c e 
o f p r o t e i n , t h e n o n l y 3 0 % of t h i s p r o t e i n s h o u l d b e r e p l a c e d b y s w e e t l u p i n e , 
a n d i n t h e s e c o n d p h a s e of f a t t e n i n g ( b e t w e e n 60 a n d 100 k g b o d y w e i g h t ) t h e 
p r o p o r t i o n of s o y a s h o u l d n o t b e f u r t h e r d e c r e a s e d . T h i s v i e w w a s s u p p o r t e d 
b y t h e f a t t e n i n g e x p e r i m e n t s of G u n d e l e t a l . ( 1 9 7 7 ) a n d F e k e t e e t a l . (1978) 
w h o s u g g e s t e d t o a p p l y i n g o t h e r p r o t e i n c a r r i e r s b e s i d e c e r e a l s , w h e n s u b -
s t i t u t i n g l u p i n e f o r s o y a p r o t e i n . 
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SOME CONCLUSIONS CONCERNING 
THE LARGE-SCALE ACCELERATED LAMBING 
OF HUNGARIAN MERINO EWES 
L . V E R E S S * , J . V É G H * * , I . T U R A I * , T . T A R N Ó C Z I * a n d F . E C S E D I * 
• U N I V E R S I T Y OF A G R I C U L T U R E , D E B R E C E N , H U N G A R Y 
** " L E N I N " COOPERATIVE F A R M , CSENGER, H U N G A R Y 
(Received: 23 J a n u a r y 1985) 
At present more t h a n 90 per cent of the ewe stock of Hungary is made u p of 
Merino sheep. Under Hungarian conditions large-scale sheep farming can expect 
reliable profi ts either f r om milking or f r o m a more frequent lambing of ewes (Ráki 
and Raskó 1984, Tildi and Timkó 1982). Since most of the large sheep farms a re not 
willing to milk, frequent lambing should be practised on a technological level ab le to 
create the production conditions of profitabil i ty. 
Keywords: Merino sheeps lambing, milking, profitability. 
Introduction 
In t h e USA, the cr i t ical s i tuat ion a n d the a n n u a l l y decreasing sheep 
stock have u rged researchers t o subject t h e methods a n d conditions of accel-
era ted l a m b i n g to close sc ru t iny . This a p p r o a c h makes i t possible t o m a k e 
sheep ra is ing prof i tab le aga in by means of more u p - t o - d a t e ut i l izat ion of a 
given s tock, ins tead of t u r n i n g to a n o t h e r breed. (Over t h e past f ew yea r s 
t h e n u m b e r of sheep in t h e USA has b e e n on the rise aga in . ) Several b r e e d s 
and crosses h a v e proved su i t ab le for acce le ra ted l a m b i n g . Grading t h e m in 
t h e order of decreasing ef f ic iency, the f i r s t p lace is t a k e n b y Dorset, fo l lowed 
b y Dorset X Ramboui l l e t , t h e n Ramboui l l e t , f inal ly Rambou i l l e t X Suffo lk a n d 
Ramboui l le t X H a m p s h i r e d o w n (Barker a n d Wiggins 1964, Miller and W i g g i n s 
1964, C o p e n h a v a r and Ca r t e r 1964, O u t h o u s e et al. 1965). In the ca se of 
Columbia, however , a c rossbreed of Merino a n d Longwool , accelerated l a m b -
ing did n o t p rove successful (Outhouse 1971). Lamhings repea ted e v e r y 7 - 9 
months increased the p rev ious lambing t u r n o v e r s f rom 0.8—0.9 to 1 .2-1.3 t h u s 
giving 0.3 t o 0.6 ex t ra l a m b s . By c o n t r a s t , a l though f o r c e d lambings e v e r y 
six months , an end to t h e seasonal qua l i t y of lambing, t h e surplus l a m b y ie ld 
was reduced compared to t h e 7 - 9 - m o n t h lambing a p p r o a c h and the r i s e in 
costs i nhe ren t in this m e t h o d was not r ecovered (Carter 1968). I t only p r o v e d 
produc t ive w h e n the l a m b s were taken a w a y f rom the ewes immedia te ly a f t e r 
b i r th and ra i sed art if icial ly (Wal ton and Rober t son 1974). 
Since t h e n a n u m b e r of repor ts h a v e been published in Europe sugges t ing 
t h a t ce r t a in breeds have a l w a y s been s u b j e c t e d to accelera ted lambing. O n pro-
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cessing 680.00 lambing d a t a fo r Romanov ewes monitored in t l i eTutaev reg ion , 
Kovnerev (1969) has d e m o n s t r a t e d tha t 20 t o 30% of t h e s e ewes l amb tw ice 
annual ly . T h e registered ewes of the A u s t r i a n Bergschaf b reed achieved a n 
average l a m b i n g turnover of 1.36-1.42 b e t w e e n 1964 and 1975, with 1 .97-2 .24 
live-born l a m b s (Wisheit 1976). Yet a n o t h e r ext reme e x a m p l e is provided b y 
Finnsheep ewes , kept wi th t h e rams t h r o u g h o u t the year , which were ab le t o 
l amb every 6 to 9 mon ths (Maijala a n d Kangasn iemi 1972). Scha r fenberg 
(1978) kept h i s Landschaf ewe stock of a b o u t 2000 t o g e t h e r with t h e r a m s , 
a n d had his l a m b s reared art i f icial ly, o r ig ina l ly from t h e f i r s t day a n d l a t e r 
f r o m the 8 t l i t o 10th day . A b o u t one- th i rd of the ewes l a m b e d only once a 
year , while t h e rest sys temat ica l ly l ambed eve ry 6-7 m o n t h s . In France , t h e 
I le de F r a n c e breed has also proved c a p a b l e of accelerated lambing (Mau-
leon 1979). 
On t h e basis of exper imence gained w h e n lambing Ramboui l le t ewes 
every 8 m o n t h s Outhouse (1971) came t o t h e conclusion t h a t selection is 
necessary t o i m p r o v e the capab i l i t y for acce le ra ted lambing. I n 1969, K o v n e r e v 
reported t h a t unde r a p p r o p r i a t e condit ions of raising and feeding the R o m a -
n o v breed c a n l amb every s ix months. O n t h e basis of a large n u m b e r of 
exper iments ( 1 - 2 - 3 - 5 - 6 - 7 - 8 - 1 3 - 1 4 - 1 5 - 1 9 - 2 3 - 2 4 ) , numerous authori t ies ag ree 
wi th the a b o v e views ( B u r g k a r t , König, M a i j a l a , von Schar fenber t , Wassmut l i ) . 
The authors a r e f i rmly conv inced tha t t h e i r opinion is acceptab le . 
F u r t h e r m o r e , the economic benef i ts of accelerated lambing, as c o m -
pared wi th t h o s e of milking, were d e m o n s t r a t e d at the 1974 Congress of t h e 
E A A P in V i e n n a by a de lega te from Israel , a count ry wh ich can he cons idered 
t h e record-holder in terms of t h e amount of milk per ewe ( F á i 1974). 
Prel iminary w o r k 
Data xvere collected f r o m several l a r g e sheep f a r m s in geographical ly 
a n d economical ly diverse regions of the c o u n t r y , where a t t e m p t s were m a d e 
t o successfully apply the technology of accelera ted l a m b i n g in Merino ewe 
stocks w i t h o u t hormone t r e a t m e n t or l i g h t p rogrammes , bu t exclus ively 
th rough profess ional care a n d feeding, c o m b i n e d with u p - t o - d a t e work o rgan i -
zation and a n effect ive f i na l -p roduc t wages incent ive . 
In a b r e e d i n g stock of 600 in the T r a n s d a n u b i a n region ( "November 7 t h " 
Cooperative F a r m , Bala tonszabadi ) , r e - m a t e d following w e a n i n g in t h e 6th— 
8tli week, t h e average l a m b i n g turnover in s ix consecutive y e a r s (1974 to 1979) 
was 1.23 a n d t h e live l a m b yield 1.91. T h e s e results were achieved u n d e r 
adverse cond i t ions in the sense tha t m a t i n g delayed on occasion in o rde r t o 
awai t more f a v o u r a b l e m a r k e t i n g dates. T h e 150% average increase r a t e w a s 
practically u n a f f e c t e d b y t h e number of l amb in g s : the l a m b i n g in te rva l of 
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twin-bear ing ewes exceeded the average lambing i n t e r v a l by a mere 3 days 
(x = 286 day , X = 289 days) , and th i s deviat ion did n o t prove to b e stat is-
tically s ignif icant (Veress 1981). 
On a sheep f a r m on t h e Great H u n g a r i a n Plain ( " M a y 1st" Coopera t ive 
F a r m , Karcag) a large a r ea of pa s tu r e was subrilled, l imed and covered wi th 
topsoil . I t has since been grazed a l t e rna t e ly by m e a n s of an electrical fence. 
The ewes are allowed t o graze, dr ink a n d rest in t h e p e n s or in t h e open air 
ad libitum a n y t ime of t h e day. A f t e r t h e lambs are weaned in t h e 5 t h - 7 t h 
week, t h e rams are k e p t wi th the ewes. As indicated b y the annual averages 
f r o m 1978 to 1982, t h e l amb ing t u r n o v e r was 1.34 a n d t h e ra te of p r o d u c t i v i t y 
per ewe 1.52 (Table 1). T h e prol i f icacy indexes of t h e ewes raised u n d e r these 
condi t ions of grazing a n d involved in t h e breeding p r o g r a m m e at a n earlier 
age ( l ambing for the f i r s t t ime at t h e age of 15-18 m o n t h s ) tu rned o u t to be 
Table 1 
Accelerated lambing results for the rambouillet sheep of the "May 1st" Cooperative farm, 
Karcag 
Year 
E v e 
stock 
Greasy wool 
1st 
Lambs born in the 
2nd 3rd 
quarter of the year 
4th 
L a m b i n g 
rate 
Pro-
L a m b s per ewe 
kg Ft /kg 
lificacy 
b o r n weaned 
1978 825 5.02 101.7 28 676 63 205 1.075 109.6 1.178 1.06 
1979 2030 5.42 103.8 1667 196 428 724 1.280 116.0 1.485 1.08 
1980 1983 5.50 104.3 864 699 641 804 1.285 118.0 1.517 1.57 
1981 2071 4.97 111.4 390 1514 504 510 1.214 116.0 1.408 1.18 
1982 2132 4.78 110.2 1740 246 678 1202 1.450 125.0 1.813 1.71 
X 1808 5.14 106.3 34% 24% 17% 25% 1.342 118.4 1.524 1.36 
Table 2 
Trend in yield and prolificacy indexes for milked 
and dired up rambouillet ewes 
(Végh 1977) 
Time of l a m b i n g 
Speci f icat ion February-March 
Dried up Milked Dr ied up 
Ewe stock (No.) 745 632 546 601 
Rate of oestrus (%) 57 50 85 82 
Conception ra te (%) 40 35* 57 55 
Prolificacy ra te (%) 108 107 109 111 
Litter size per ewe (No.) 0.432 0.354 0.621 0.610 
Milk produced (litres) 
— 
35 
— 
38 
P < 5 % 
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Table 3 
Productivity indexes of a Merino ewe stock subjected to accelerated (every 4 months) 
mating and lambing 
Specification 1967 1970 1971 1972 1973 
Average ewe stock (No.) 8213 9758 9751 9148 8652 
Lambing rate (%) 1.11 1.20 1.09 1.05 1.23 
Lambs per ewe (No.) 1.21 1.29 1.20 1.30 1.39 
Milk produced/ewe (litres) 28.4 23.9 24.2 31.0 37.1 
Lambing time 
Specification March-April July-August November-December 
1 9 6 9 - 7 2 1973 1 9 6 9 - 7 2 1973 1969-72 1973 
Ewes which conceived (No.) 39 459 5966 15 436 5264 30 651 7685 
R a t e of oestrus (%) 86.9 95.7 48.1 59.4 73.7 73.7 
Conception rate (%) 71.7 67.9 35.9 50.2 47.8 50.9 
Prolificacy rate (%) 109.7 120.1 107.2 105.5 110.2 109.5 
L a m b s % of reared 95.0 94.5 95.0 98.0 95.8 94.5 
Productivity* (%) 73.7 77.1 36.5 48.4 50.5 52.7 
* Number of weaned lambs per 100 ewes 
m o r e favourable compared w i t h t h o s e of t r ad i t i ona l ly raised ewes (Veress et 
a l . 1979/b). 
In the sheep f lock of a s t a t e fa rm at Szendrő , located in a hilly area, 
fo l lowing a 6 - 8 - w e e k period of suck l ing some of t h e ewes were dr ied up, while 
o t h e r s cont inued t o be milked. A f t e r weaning, b o t h groups were tested a n d 
a r t i f i c ia l ly i n s e m i n a t e d (Table 2) . Owing to t h e fact t h a t t h e milked ewes 
w e r e amply fed on rat ions a d j u s t e d to their p roduc t ion (1 k g of fodder a n d 
g r a z i n g ad libitum), t he reduc t ion in lamb yie ld proved ins ign i f ican t in rela-
t i o n to ewes t h a t w e n t dry. The m i l k produced, however , inc reased the income 
of t h e sheep f a r m b y 12-15% (Végh 1977). I n t h e last yea r of observat ion, 
a m a t i n g period of 6—8 weeks w a s repea ted t h r ee t imes annua l ly a f t e r weaning 
in t h e 5th or 6 t h week. The r e s t r i c t i on in t h e suckling per iod improved t h e 
n u m b e r of weaned l ambs per 100 insemina ted ewes in all th ree m a t i n g seasons, 
w h i l e the specific mi lk yield also r ise as a r e su l t of early w e a n i n g (Table 3). 
T h e combined u t i l i za t ion of acce le ra ted l ambing and milking h a s since been 
i n t r o d u c e d and successfully a p p l i e d in the " B é k e " Cooperative, Ha jdúböször -
m é n y , and in t h e " Ú j É le t " Coopera t ive , B á r á n d . 
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The place a n d method of t h e experiment 
Three f locks a t a sheep enterprise in t h e N o r t h - E a s t e r n par t of t h e 
Hunga r i an P la in ( " L e n i n " Cooperat ive F a r m , Csenger) are s i t ua t ed in bu i l d -
ing sur rounded b y art if icially laid grass, a n d t h e condit ions f o r winter f e e d -
ing are also f avou rab l e . The ewes are m a t e d and lambed th roughou t t h e 
year ; therefore , t h e one-shepherd-per-f lock s y s t e m has been abandoned . T h e 
shepherds are organized in t e a m s and their w a g e s are de t e rmined exclusively 
b y the f ina l p r o d u c t s (shorn wool, weaned l ambs) . One t w o fa rms , l a ck ing 
sui table shepherds and f o r e m e n , only one l a m b per ewe was weaned a n n u a l -
ly (Veress a n d Végh 1982). On t h e th i rd f a r m , where , a l though t h e foreman w a s 
replaced several t imes , the shepherds did a good job , the l a m b i n g and pro l i f i -
cacy da t a f r o m t h e individual ly recorded d a t a ca rds were processed with a c o m -
p u t e r for t h e t h r e e years 1981 t o 1983. Before breeding, the ewe stock was s u b -
jec ted to selection, pr imar i ly on t h e basis of h e a l t h y cons t i tu t ion , and an ima l s 
wi th wool defec ts were culled. There fore , in t e r m s of ferti l i ty a n d prolif icacy t h e 
s tock only r ep resen ted the ave rage of the H u n g a r i a n Merino b reed . During t h e 
three-year per iod only forced s laughter and d e a t h served as r easons for cul l ing. 
Dur ing t h e observat ion per iod , insemina t ion was p e r f o r m e d several t i m e s 
w i th t r a n s p o r t e d sperm f r o m Booroola r a m s which led t o a fert i l i ty r a t e of 
I n t e r v a l (days) 
Fig. 1. Frequency distribution of total and average lambing intervals 
8 * Acta Agronomica Hungarica 37, 1988 
116 L. V E R E S S e t al. 
Table 4 
Prolificacy indexes of the 
(n = 
Year Jan. Feb . March Apr. M a y 
1981 125 58 47 57 34 
1982 39 40 17 13 33 
Lambing 1983 97 52 42 18 — 
Total 261 150 106 88 67 
Percentage 17.3 10.0 7.0 5.8 4.4 
1981 15 9 8 9 7 
1982 3 2 2 8 7 
Twinning 1983 17 8 4 2 — 
Total 35 19 14 19 14 
Prolificacy ra t s 113.4 112.6 113.2 121.6 120.8 
15-30% a n d reduced t h e resul ts in 1982 a n d 1983. A t p resen t insemina t ion is 
per formed w i t h locally ob ta ined sperm f r o m Booroola rams , while ewes re-
oes t rua t ing are mated w i t h rams. Thus t h e r e can be no doubt the iden t i f i ca -
tion of t h e l ambs . Since October 1983 n o t only the m o t h e r s of lambs weaned 
at a body m a s s of 12 kg , b u t also those sti l l suckling w e r e teased a n d insem-
inated. B e t w e e n October 1983 and J a n u a r y 1984 large numbers of suckl ing 
ewes r e -oes t rua ted and m a t e d while still suckl ing. For 172 lambings m o n i t o r e d 
between M a y 15 and J u n e 30 1984 73 ewes (42%) b e c a m e pregnant in Decem-
ber and J a n u a r y , i.e. d u r i n g the suckling period. P r e s u m a b l y , therefore , the i r 
prolif icacy resul ts will exceed those in t h e two previous years . 
Discussion 
The m o n t h l y b r e a k d o w n of l amb ings and twin l ambings is p r e s e n t e d in 
Table 4. I n Hunga ry , t h e f requency of t w i n lambings is highest in t h e f i rs t 
four m o n t h s of the y e a r . I n the p r e s e n t case, high prol if icacy r a t e s were 
achieved w h e n the n u m b e r of lambings w a s low, so t h a t more t ime a n d a t t en -
t ion could b e devoted to ca r ing for t h e an ima l s . 
F igure 1 charts t h e resul ts of t h e t o t a l number of lambings, r e p e a t e d 
lambings pe r ewe, and t h e required i n t e r v a l for r e p e a t e d lambing, d iv ided 
into categories , as a f u n c t i o n of the n u m b e r of l ambings . I t is a s sumed t h a t 
in the case of lambing i n t e r v a l s exceeding a year the r ea sons for the f a i l u r e to 
re-lamb m u s t he looked fo r in u n r e c o r d e d dead l ambings , un t ime ly foe ta l 
deaths, a b o r t i o n (usually of ch lamydeous origin), or ba r renness of a l i m e n t a r y 
origin (poor condition, def ic iency of v i t a m i n P, p e r h a p s of se, or A, etc.) . 
In the case of both t h e t o t a l number of lambing per iods and the ave rage 
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Rambouillet ewes investigated 
397) 
June J u l y Aug. Sep. Oct. Nov. Dec. Total 
10 2 3 2 76 165 23 602 
187 24 6 — 14 24 70 467 
21 4 1 — 15 115 71 436 
218 30 10 2 105 304 164 1505 
14.5 2.0 0.7 0.1 7.0 20.3 10.9 100 
1 1 2 19 32 4 107 
27 10 1 — 2 4 14 80 
1 — — — 5 8 4 49 
29 10 2 2 26 44 22 236 
113.3 133.3 120.0 200.0 107.7 114.4 113.4 115.7 
l ambing period, t h e percentage of ewes t h a t showed a t e n d e n c y for re la inb ing 
in 10-12 m o n t h s was 2 9 % . Th i s ratio is in agreement w i t h the resul ts of 
Scharfenberg (1978) for the Merino Landschaf breed and w i t h t h e accelerated 
lambing resul ts ob ta ined for Ramboui l le t ewes in a breeding f lock in H a j d ú -
szoboszló (Veress 1978). 
In the Merino breed, the re fo re , the e s t i m a t e d propor t ion of ewes u n s u i t e d 
for accelerated l ambing is a b o u t 20 -25%. A t t h e same t ime , however, 5 4 % of 
t h e popula t ion inves t iga ted consis tent ly l a m b e d every 6 - 9 mon ths . A l t h o u g h 
for lambing per iods the ind iv idua l cases a n d the per-ewe averages r e f l ec t 
fa i r ly similar resu l t s , the reproducib i l i ty of t h e consecutive l ambing per iods is 
slight and non-s igni f icant . This is accounted for by the f ac t t h a t r e p e a t e d 
conception is l ikely to be in f luenced by t h e given season, t h e day length a n d 
t h e manner of m a t i n g (hand m a t i n g with loca l ly obtained spe rm or insemina-
t ion with t r a n s p o r t e d sperm) to a s ta t is t ical ly significant degree (P <C 1 - 5 % ) . 
Al though t h e ave rage in te rva l between consecut ive lambings tends to decrease , 
th i s is b o u n d t o he unrel iable owing to t h e relat ively sl ight differences a n d 
t h e considerable deviat ions w i th in the groups (Table 5). 
In accordance with earl ier observa t ions , even in t h e case of b r e e d s 
showing good aseasonal oes t ra l and concept iona l qualit ies, t h e eff iciency of 
ma t ing can be considerably a f fec ted by t h e change in t h e a m o u n t of d a y l i g h t 
(Veress et al. 1979/a). The t i m e required for r enewed concept ion in ewes u n d e r -
going oestrus f o r t h e second t i m e in the m a i n season is s ignif icant ly l onge r 
(P 0 .1%) t h a n in the pre- or post-season, a n d even more so when concep-
t ion occurs o u t of season (P < 1%)- The r enewed concept ion of ewes w h i c h 
conceived in t h e main season will obviously be out of season, while t h o s e 
which conceived aseasonally will have the i r n e x t p regnancy during the m a i n 
season. The chance of r e p e a t e d conception a f t e r the pre- or post-season oc-
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Table 5 
Correlation between the time of conception, the number of lambings, 
and the subsequent lambing intervals 
- , . . . . Lambine interval (days) 
Lambing Number _ 3 J ' 
Mating group period of cases 
X S V% 
1. Main season i - i i 226 309 71 23.12 
(September 1 to November 30) i i - i i i 100 335 82 24.68 
ILI-IV 38 298 25 8.62 
IV-V 52 288 43 15.07 
2. Pre- or post-season I - I I 125 263 75 28.52 
(July 1 to August 31, I I - I I I 100 261 85 32.67 
December 1 to January 31) I I I - IV 70 303 68 22.76 
IV-Y 18 310 24 7.88 
3. Out of season I - I I 46 238 51 21.34 
(February 1 to June 30) I I - I I I 121 262 89 34.07 
I I I - IV 142 261 100 38.42 
IV-V 8 295 41 13.92 
Lambing 
period (days) 
I - I I 397 287 75 26.15 
I I - I I I 397 280 91 32.65 
I I I - IV 250 279 86 31.13 
IV-V 78 294 40 13.65 
Total 1122 283 82 29.00 
cupies a n d in te rmedia te posi t ion be tween t h e two ex temi t ies . With r e spec t to 
the average repea ted l a m b i n g in groups I , I I and I I I for those conceiv ing 
for the t h i r d t ime, t h e discrepancy is e v e n more s t r ik ing (P 0 . 1 % ) . As 
regards t h e th ree groups of ewes conce iv ing for the f o u r t h t ime, o n l y the 
average of g roup I I I shows a significant d ivergence f r o m t h e other two groups 
(P < 1%)- W i t h regard t o t h e interval b e t w e e n the f o u r t h and f i f th l ambings , 
there is a s ignif icant d i f ference in f a v o u r of group I be tween groups I a n d I I 
(P < 5 % ) a n d random differences b e t w e e n groups I a n d I I I , while t h e dif-
ferences in all three groups show a dev ia t ion f rom earlier tendencies. 
T h e p ropor t ion of l ambings in the t h i r d quar ter of t h e year is s o m e w h a t 
more f a v o u r a b l e in the K a r c a g stock (cf. T a b l e 1). Ye t t h e nat ional s i t ua t i on 
is well r e f l e c t e d in t h e f a c t t h a t the Mer ino breed is less likely to become 
pregnant be tween F e b r u a r y and May. O n e obvious reason for th is is the 
highly cont rovers ia l p rac t i ce of br inging shear ing f o r w a r d to March i n s t ead 
of the t r a d i t i o n a l M a y - J u n e period, whi le dipping aga ins t ec toparas i tes is 
carried o u t 1—3 months l a t e r . Thus , oes t rus is inhibi ted b y stress effects twice 
during spr ing- t ime , ins tead of only once. 
An i m p o r t a n t va lue pa rame te r in t h e na t iona l regis t ra t ion and b r eed in g 
system is t h e average da i ly mass gain of l ambs up to t h e age of 120 days , 
which is i n close genetic correlat ion w i t h m a t u r e b o d y mass . Likewise, t h e 
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Table 6 
Correlation between body mass and average lambing interval 
Category 
(kg) 
Lambing interval (days) 
Min imum Maximum n 
X S v% 
< 32 7 276 45 16.46 223 356 
33-34 10 298 90 30.18 219 516 
35-36 12 284 47 16.53 225 359 
37-38 30 292 73 25.16 204 489 
39-40 29 299 55 18.69 236 441 
41-42 91 292 62 21.24 203 510 
43-44 45 289 67 23.21 210 527 
45-46 59 282 52 18.42 186 391 
47-48 37 278 47 17.10 207 362 
49-50 37 284 44 15.56 220 381 
51-52 17 312 77 24.74 198 519 
53-54 12 326 72 22.17 249 487 
55 < 11 294 50 17.25 230 362 
highest possible body mass a t the age of one is one of t h e criteria fo r g rad ing 
r am hoggets marke ted for breeding. As a resul t , in regis tered Merino b reed ing 
stocks t h e b o d y mass of adu l t ewes h a s increased b y 12 kg (30%) in 25 years 
(Németh et al. 1982). Therefore , e x a m i n a t i o n s were m a d e to d iscover wha t 
average l a m b i n g periods were associated w i t h the var ious body mass categories 
(Table 6). T h e average b o d y mass in t h e stocks inves t iga ted is l ower (x = 
= 42.83 kg) t h a n in t h e registered b r eed ing stocks (x = 53 kg). As ind ica t ed 
Fig. 2. Frequency distribution of average greasy wool production and lambing periods 
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Table 7 
Correlation between twinning and lambing intervals 
n Percentage 
X 
A v e r a g e 
s 
lambing interval (days) 
V% m i n i m u m maximum 
LSD5% 
No twin births 211 83.0 301 62 20.83 203 527 
Twinning once 140 5.5 281 56 20.23 185 489 41.6* 
Twinning twice 38 9.5 270 45 16.93 200 366 20.4* 
Twinning three t imes 8 2.0 247 17 6.88 217 264 41.6* 
* In relation to non-twinning ewes P < 1% 
b y the range of va lues in t h e t ab le , the s h o r t e s t interval be tween l ambings 
w a s obtained f o r t h e medium b o d y mass r a n g e (41-50 kg). T h e difference fo r 
lower-mass g r o u p s did not p r o v e to he s ta t i s t i ca l ly s ign i f ican t . The lower 
n u m b e r of p regnanc ie s for ewes in the 51-55 k g class, however , is not r a n d o m 
( P < 1 -5%) . 
Breeders of s tock pou l t ry h a v e long b e e n convinced t h a t an increase in 
b o d y mass c o n t r i b u t e s to a decrease in pro l i f icacy . In p ig breeding, t h i s 
recognition has l a t e l y led to m o u n t i n g in teres t in small-bodied Chinese b reeds 
of pigs with a h i g h r a t e of prol i f icacy. I t is t h e r e f o r e t ime sheep breeders also 
t o o k note of t h i s t endency . 
When c lass i fy ing the inves t iga ted sheep popula t ion accord ing to a t h r ee -
y e a r average of g reasy wool p roduc t ion (x = 4 .65 kg, s = 0.67), it lias b e e n 
demons t ra t ed t h a t no real corre la t ion can b e established be tween l a m b i n g 
per iods and t h e a v e r a g e greasy wool p roduc t ion (Fig. 2). 
Finally, i t w a s wished t o establish w h e t h e r twinning t e n d e d to a f f ec t 
t h e lambing i n t e r v a l (Table 7). I t was found t h a t in the g r o u p wi thout t w i n 
lambings the m e a n lambing i n t e rva l s were subs tan t i a l ly longer than in t h e 
g r o u p with one, t w o , or three t w i n lambings p e r ewe. This d iscrepancy is n o t 
r a n d o m and s h o w s a decreasing tendency. A n analysis of va r i ance for ewes 
tw inn ing once, t w i c e or three t imes , showed n o significant differences. T h e 
invest igat ions h a v e confirmed t h e opinion t h a t the higher prol if icacy a n d 
b e t t e r ap t i tude f o r renewed p r e g n a n c y of ewes hear ing twins j u s t i fy a com-
b i n e d selection on t h e basis of t h e s e two t ra i ts f o r t h e H u n g a r i a n Merino b reed 
(Veress 1978, V e r e s s et al. 1979/a). 
Conclusions 
(1) The H u n g a r i a n Merino is capable of accelerated l a m b i n g every 7—9 
m o n t h s , achieving an annual l a m b i n g ra te of 1.2-1.4 and a l a m b yield of 
1 .4-1 .6 , provided t h e technology, feeding, w o r k organization a n d wage con-
d i t ions are s a t i s f ac to ry . 
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(2) Accelera ted lambing c a n be combined with mi lk ing which increases 
t h e expected income. 
(3) In selection breeding accelerated l a m b i n g and t h e t e n d e n c y for tw in -
ning can be well compat ible . Combined select ion for bo th t r a i t s is both neces-
sa ry and wor th-whi le . 
(4) No correlat ion has b e e n found b e t w e e n greasy w o o l product ion a n d 
t h e t endency for accelerated lambing. Increas ing b o d y mass reduces t h e 
p ropens i ty for accelerated l a m b i n g . 
(5) The Hunga r i an sheep regis trat ion s t andard is i n urgent need t o 
modi f ica t ion a long the lines of up- to-da te genet ic principles. 
References 
Barker, II. В., Wiggins, E. L. (1964): Occurrence of post-parlum oestrus in Fall-lambing 
ewes. J. Animal Sciences, 23, 967—972. 
Barker, H. В., Wiggins, E. L. (1964): Oestrual act ivi ty in lactating ewes. J. Animal Sciences, 
23, 874-978. 
Copenhaver, J . S., Carter, R. C. (1964): Maximizing ewe productivity b y early weaning and 
rebreeding. J. Animal Sciences, 23, 302-310. 
Eyal , E., Folman, Y., Morag, M. (1972): Lamb production in frequently lambing dairy sheep. 
Contribution from the Agr. Research Organisation, The Volcani Center, Bet Danán, 
Israel, Series No. 2216-E, 64-69. 
Fái , S. (1974): Faktoren, welche die ökonomische Effizienz der Zucht von Schafen unter 
intensiven Bedingungen beeinflussen. 25th E A A P Annual Meeting, Vienna, 22/28 
September. 
Kovnerev, I. P. (1969): О mnogo ploggyiyi matok i intenzivnost razvi t iya molodnyaka roma-
novski ovjets . Ovcevodzstovo 5, 26—54. 
Maijala, K-Kang Asniemi, R. (1972): Experience of out-of season and twice a year lambings 
in Finnsheep. World Review Animal Production, 8 (3), 84-89. 
Mauleon, P. (1979): Manipulation of the breeding cycle. In "Sheep Breeding" 2nd edition, 
chapter 50, pp. 439-449. Edi tors : Tomes, G. J . , Robertson, D. E . 8. Lightfoot. R . J . 
Revised by Haresign, W. 
Németh, J . , Székely, P., Török, Gy., Yincze, Gy. (1983): A juhtenyésztés eredményei (Sheep 
breeding results). ATMI k iadványa , Budapest, Mezőgazdasági Kiadó . 
Miller. W. W., Wiggins, E. L. (1964): Ovarian activity and fertility in lac ta t ing ewes. J. Animal 
Sciences, 23, 981-983. 
Outhouse, J . B. (1971): Reducing the lambing interval in sheep. X . E A A P Congress, Pa r i s -
Versailles. 
Ráki, Z., Raskó, Gy. (1984): A juhásza t fejlesztésének út ja , az ál lomány szakosítása (Stock 
specialization the path towards development in sheep farming). Gazdálkodás, Buda-
pest, X. V I I I . 1, 9-18 p. 
Von Scharfenberg, W. (1979): Personal communication. 
Semenov, M. (1976): Plemennaya fe rma ramonovskikh evets v pedmoskovye. Ovcevodzstovo, 
1, 24-26. 
Tildi, J . , Timkó, A. (1982): A belterjes fejlesztés gazdasági kérdései a juhtenyésztésben (Economic 
questions raised by intensive development in sheep breeding). Agrárgazdasági K u t a t ó 
Intézet, 2. kiadványa. Budapes t . 
Végh, J . (1977): Bárányszaporulat növelésének lehetőségei hegyvidéki merinó állományban 
(Ways of increasing the lamb yield in Merino stochs on hilly areas). Doktori Értekezés, 
DATE, Debrecen, 1-85. 
Veress, L. (1978): Juhtenyészetiink kilátásairól (Prospects of Hungar ian sheep breeding). 
Állattenyésztés, 5, 441-447. 
Veress, L., Lovas, L., lîadnai, L. (1979): Experiments to increase prolificacy in Romanov 
sheep. Acta Agronomica Acad. Sei., 28, 444-451. 
Veress, L., Lovas, L., Radnai, L., Végh, J . , Turai, J . (1979): Influence of the beginning of 
puberty on owes performances. 30th Annual Meeting of the E A A P , Harrogate, United 
Kingdom, 23/26 July MS 4.7. 
8* Acta Agronomica Hungarica 37, 1988 
1 2 2 L. V E R E S S et . al. 
Veress, L., Végh, J . (1982): Some consequences drawn from the experiences of continuous 
lambing. 33rd Annual Meeting of the E A A P Leningrad S. 5.8. 
Walton, P., Robertson, H. A. (1974): Reproductive performance of Finnish Landrace ewes 
mated twice yearly. Canadian J. of Animal Science, 54, 35—40. 
Weisheit, II. (1976): Die Fruchtbarkei t des Blargachafes die Lammermas t ausnutzen. Land-
und Forstwirtschaftliche Forschung in Osterreich. Graz, 524-1-1. 
Whiteman, J . V., Zellinger, W. A., Therift, F. A., Fould, N. B. (1972): Post partum mating 
performance of ewes involved in a twice-yearly program. J. Animal Sciences, 25, 
836-842 . 
Acta Agronomiea Hungariea 31, 1988 
Acta Agronomica llungarica, 37 (1-2), pp. 123-133 (1988) 
THREE-TIMES-A-DAY MILKING 
IN HIGH PRODUCTIVITY COW STOCK 
E . Szűcs*, I . Á c s * , К . UGRY*, M . SÁS** , I . TÖRÖK** and E T E L K A F O D O R * * 
• R E S E A R C H CENTRE FOR A N I M A L H U S B A N D R Y A N D FEEDING, 
R E S E A R C H I N S T I T U T E OF L I V E S T O C K B R E E D I N G , GÖDÖLLŐ, H U N G A R Y 
• • A G R I C U L T U R A L C O M B I N A T E , M E Z Ő H E G Y E S , H U N G A R Y 
(Received: 20 J anua ry 1986) 
We indicated in our exper iment tha t milk p roduc t ion adjus ted for 305 days 
resulted in a 12 .3% surplus in the overall evaluation of t he thrice-daily milked group 
compared to t h a t milked twice a day . This surplus depends to a considerable extent 
on the level of milk production. T h e improvement is 9 . 2 % with cows giving steady 
26-34 kg milk, and 23.8% with those adjusted to 34 kg milk or more. According to 
our results the posi t ive effect of t he thrice-daily milking is realized pr imar i ly in the 
second phase of lac ta t ion following the peak, thus improving the persistence. The 
results of analyses show tha t a decrease in the pe rcen tage of bu t t e r fa t m u s t be con-
sidered in every l ac ta t ion ; yet, we found a 16.8% improvement in the to ta l but te r fa t 
production of h igh product ivi ty cows. We examined t h e cows for feed consumption, 
nut r ient up take a n d feed conversion. In comparison to cows milked twice a day, those 
milked thrice showed 2.5-3.3% increase in nutrient u p t a k e and 15% improvement in 
feed conversion. Three daily milkings are efficient only in those dairies where the milk 
production s t anda rd is 6000 kg and the operation and feeding have reached an appro-
priate level. 
Keywords: Cows, milk product ion , milking f r equency . 
I n t r o d u c t i o n 
S i n c e T h a e r ( 1 8 0 4 ) s t a t e d 1 7 0 y e a r s a g o t h a t " c o w s a r e r e a s o n a b l y m i l k e d 
t h r e e t i m e s a d a y u n t i l t h e y h a v e m u c h m i l k a n d i t i s w o r t h t h e t r o u b l e , b u t 
w h e n t h e y n o l o n g e r h a v e m u c h m i l k a n d g i v e h a r d l y m o r e t h a n (2 q u a r t s ) , 
n o b e n e f i t is d e r i v e d f r o m t h r e e d a i l y m i l k i n g s " i n n u m e r a b l e p u b l i c a t i o n s a n d 
r e p o r t s h a v e a p p e a r e d o n t h e q u e s t i o n . I t m u s t b e n o t e d t h a t t h e a n n u a l m i l k 
p r o d u c t i o n r e c k o n e d w i t h w a s a b o u t 1 2 0 0 k g a t t h a t t i m e ( S c h ö n m u t h a n d 
L e h m a n n 1 9 6 5 ) . H o w e v e r , T h a e r ' s 1 9 t h c e n t u r y s t a t e m e n t s h o l d t r u e e v e n 
t o d a y . M o r e o v e r , t h e i m p o r t a n c e o f t h i s t e c h n o l o g i c a l p r o c e d u r e i s s u p p o s e d 
t o k e e p i n c r e a s i n g . S c h ö n m u t h a n d L e h m a n n ( 1 9 6 5 ) c i t e a n u m b e r o f a u t h o r s 
w h o s p e a k of a 0 - 2 5 % i n c r e a s e i n m i l k p r o d u c t i o n a s a r e s u l t o f c h a n g i n g 
o v e r f r o m t w i c e t o t h r i c e d a i l y m i l k i n g s . I n t h e i r e x p e r i m e n t , t h i s c h a n g e 
r e s u l t e d i n t h e f o l l o w i n g y i e l d i n c r e a s e : 
Dai ly milk 
production 
(kg) 
Increase 
(%) 
10-15 5 - 7 
15-20 7-10 
20-25 12-15 
25-30 20-24 
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Apar t f r o m t h e authors c i ted t h e positive effect was c o n f i r m e d by the 
resu l t s of m a n y earl ier inves t iga t ions (Bogart , McKenzie a n d M u t t o 1977, 
Poo le 1981, Cash a n d Yapp 1950, Elliot 1955, Pearson, F u l t o n , Thompson 
a n d Smi th 1979, Pelissier, Koong a n d Bennet t 1978, Madsen 1983, W a t t e r m a n , 
H a i m o n , Nemken a n d Langlois 1983, Wiggans a n d Grossman 1980, Archer 
1983, Hendr i an 1983), while a m o n g t h e H u n g a r i a n authors le t us mention 
t h e following: G u b a 1953, Czakó a n d Guba 1956, G u b a and Czakó 1957, Guba 
a n d D o h y 1979, H o r n 1973, B a l a t o n i and K e t t i n g 1981, Facsa r 1979, Molnár 
1981, Elek 1980, Buda i and T u r i 1984, Bá ldy 1983, T imot i ty 1981, Tresser 
1978 and Csiffó 1978. All these descr ibe f avourab le results o b t a i n e d overseas 
f r o m milking t h r ee t imes a day . 
W e can safely say t ha t f r o m a practical p o i n t of view t h e question of 
mi lk product ion is more t imely t h a n ever. To t h e ful l explo i ta t ion of genetic 
po ten t i a l s exist ing in the H u n g a r i a n milking s tocks thrice da i ly milking can 
u n d o u b t e d l y m a k e a great con t r i bu t i on . Wi th i ts help milk p r o d u c t i o n can be 
enormous ly increased wi thout a n y increase in t h e inves tmen t d e m a n d and 
n u m b e r of animals . I t belongs t o t h o s e technological elements t h r o u g h which 
— w i t h due care — t h e results b e c o m e s immedia t e . 
Al though t h e technical b o o k s and the publ ica t ions cited p r o v i d e useful 
adv ice as to t h e m e t h o d s of c h a n g i n g over to t h e new pract ice , a number of 
ques t ions still r ema in open. W i t h our exper iments we the re fo re wished to 
c o n t r i b u t e answers t o the fol lowing: 
— I s it wor th mi lk ing each cow of t h e stock t h r e e times a d a y , and if no t , 
how are we to p lace the an imals in groups of twice- and t h r e e - t i m e s milked 
cows, respec t ive ly? 
— W h a t should be t h e p roduc t ion level de te rmin ing the c lass i f ica t ion? 
— Can the f a v o u r a b l e effect of th ree- t imes mi lk ing on the v o l u m e of milk 
p roduc t ion be expected in each lac ta t ion ? 
— I n which phase of lac ta t ion wil l t h e favourab le effect show ? 
Mater ia l and methods 
The investigations covered two groups of freshly miking cows placed in the group of 
twice (n = 84) or thrice (n = 89) milked cows according to the result of the f i rs t milk record 
post par tum. The distribution of cows according to genotype was: 
Frequency of milking 
2 X 3 x 
European lowland X Holstein 
F , cows 13 cows 12 cows 
R j cows 19 cows 27 cows 
R„cows 12 cows 12 cows 
R 3 cows 6 cows 3 cows 
Pure-bred Holstein cows 34 cows 35 cows 
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Distribution of animals according to the number of lactation: 
Lactation Frequency 
of milking 
2 X 3 X 
1 
2 
3 
4 
5 
6 
25 
23 
24 
6 
5 
J 
20 
26 
24 
12 
5 
2 
The milk production of the cows was assessed by Wood's funct ion on the basis of monthly 
official milk records (Szűcs, Mócsi, Szőllősi and Ács 1982), and the milk samples taken were 
analysed for butterfat and milk protein content in the Milk Laboratory of t he ÁTK. The 
amount of feed consumed was weighed by day and group. Milking was carried out in two shifts. 
The thrice milked cows were milked first a t 5 a.m., then at the end of the first shif t a t 11 a.m., 
and at the end of the afternoon shift at 7 p .m. The milking intervals were 10, 6 and 8 hour. 
(1) According t o the u n a n i m o u s opinion of t h e relevant l i t e r a tu r e in 
response to thr ice-dai ly milking t h e mi lk produc t ion of cows increases . Madsen 
(1983) considers t h e r a t e of increase t o be about 2 0 % , and offers t h e following 
exp lana t ions : (1) t h e pressure in t h e u d d e r decreases, (2) the concen t r a t ion of 
milk components t h a t hinder t h e lact i ferous cells in func t ion ing decreases, 
and (3) th ree daily milkings s t imu la t e t h e ac t iv i ty of certain h o r m o n e s , which 
increases t h e milk p roduc t ion . H o r n (1973) explains t h e increasing m i l k produc-
t ion resul t ing f r o m more f requen t mi lk ing by a local influence exercised on 
the secre tory cells. As influencing f ac to r s he m e n t i o n s : (1) the level of milk 
p roduc t ion , (2) t h e capac i ty of t h e udder , and (3) the p r e p a r a t i o n of the 
u d d e r and its t r e a t m e n t af ter mi lk ing . Szajkó (1984) reports on a 2 - 8 % 
increase in milk p roduc t ion as a r e su l t of three da i ly milkings, a n d points to 
t h e role of neu rohormona l factors as con t r ibu t ing to the yield i m p r o v e m e n t . 
He is of the op in ion t ha t twice-da i ly milking is economical p rac t ice in 
these days , and the re fo re emphasizes t h e impor tance of a large u d d e r capaci ty . 
Milk p roduc t ion , bu t t e r f a t , mi lk protein a n d mi lk concen t ra t ion da ta of 
our mi lk ing cow g roups , and some o t h e r results concerning l ac t a t i on are con-
t a ined in Table 1, w i t h evaluat ion of: (1) the p roduc t ion level, a n d (2) the 
effect of the f i rs t , second, third a n d l a t e r lac ta t ions . The data show t h a t with 
a 305-days milk p roduc t ion t a k e n in to considerat ion thr ice-dai ly milking 
resul ted in 12.3% surp lus produc t ion on a group average in compar i son to the 
twice-dai ly pract ice of milking. I t m u s t be emphas ized , however, t h a t f rom 
t h e s t a n d p o i n t of de te rmin ing t h e f r equency of mi lk ing among o thers , the 
resul t of t h e f i rs t mi lk record is no t a m a t t e r of indi f ference . 
Results 
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Table 1 
Effect of milking frequency on the milk production of cou s 
Number of 
daily milkings 
Milk production 6 itandard + Lactations 
Total 
< 2 6 26 -31 > 3 1 l 2 3 and further 
Number of animals 2 33 40 11 25 23 36 84 
3 21 54 14 20 26 43 89 
Milk (for 305 days of lactation), kg 2 5675 6468 7011 6054 6031 6464 6228 
3 5669 7069 8681 6798 7078 7033 6992 
Significance NS * * * # # * * * * * * * 
Butterfat, kg 2 223 244 250 231 228 246 236 
3 218 251 292 236 254 253 250 
Significance NS NS * NS * NS * 
Milk protein, kg 2 196 225 237 203 208 232 215 
3 197 245 290 231 241 244 240 
Significance NS * * * * * * * * * NS * * * 
Butterfat , % 2 3.93 3.76 3.56 3.83 3.81 3.80 3.80 
3 3.85 3.56 3.42 3.51 3.58 3.61 3.60 
Significance NS * * NS * * * * * * * * 
Milk protein, % 2 3.53 3.56 3.42 3.37 3.47 3.51 3.53 
3 3.53 3.51 3.46 3.41 3.40 3.47 3.51 
Significance NS NS NS NS NS NS NS 
Days of maximum milk production 2 58 54 55 54 59 56 56 
in typical lactations 3 50 57 46 61 49 53 54 
Significance NS NS NS NS NS NS NS 
Maximum milk production in 2 23.9 30.0 36.8 25.1 29.8 31.0 29.1 
typical lactations, kg 3 24.2 30.7 37.9 27.2 30.9 31.3 30.5 
Significance NS NS NS NS NS NS NS 
+
 On the basis of the first milk records, dailv milk production, kg. 
NS = P > 0.05; * P < 0.05; ** P < 0.01; *** P < 0.001. 
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I n t h e case of a lower than 26 k g daily milk yield, no d i f ference in l ac ta t ion 
mi lk product ion was found b e t w e e n cows mi lked twice a n d those mi lked 
t h r i ce a day. I n a 305-day l a c t a t i o n period t h e improvemen t in milk p roduc-
t ion was 9 .2% w i t h cows p r o d u c i n g 26-34 k g a day and 2 3 . 8 % with t h o s e 
produc ing more t h a n 34 kg. T h u s the ef f ic iency of three da i ly compared t o 
t w o daily, mi lk ings depends t o a considerable extent on t h e level of mi lk 
p roduc t ion . 
According t o some a u t h o r s , the effect of milking f r e q u e n c y may v a r y 
a l ike with age a n d lactat ion pe r i od (Madsen 1983, Tresser 1978, Csiffó 1978). 
However , our d a t a provide ev idence of the pos i t ive effect of t h r e e daily mik ings 
on t h e 305-day lac ta t ion milk product ion in t h e first, second th i rd or l a t e r 
l ac ta t ions as well . Accordingly, t h e favourab le effect depends on the level of 
p roduc t ion r a t h e r t h a n on t h e n u m b e r of l a c t a t i o n s . 
In the op in ion of Archer (1983), with h i g h p roduc t iv i ty cows, the p e a k 
yield of l ac ta t ion increases, t h e period of m a x i m u m produc t ion lengthens, t h e 
l ac ta t ion curve is more even, t h e persistence of the cow is be t te r , and h e 
there fore suggests milking t h r e e t imes a d a y t h r o u g h o u t t h e lac ta t ion per iod . 
According to Pelissier, Koong a n d Bennet t (1978) cows mi lked three t imes a 
d a y give 7 - 1 2 % more milk in t h e first 4 m o n t h s of the l a c t a t i on period a n d 
1 6 - 9 0 % more in t h e rest of t h e lactat ion pe r iod , than do cows milked o n l y 
twice a day . Cash and Y a p p (1950) and P e a r s o n , Fu l t on , Thompson a n d 
S m i t h (1979) also found t h a t t h e effect of da i ly t r iple-milking was most f a v o u r -
ab le at the end of t h e lac ta t ion period. Poole (1981), on t h e o t h e r hand, f o u n d 
t h a t thr ice-dai ly milking was similarly f a v o u r a b l e in the f i r s t 20 weeks of 
lac ta t ion . Gere, Bozó, E n y e d i a n d Tonka (1984) referring t o Soviet a u t h o r s 
consider the da i ly practice of t r iple-milking ju s t i f i ed with cows first in mi lk . 
Facsa r (1979) r e p o r t s on a da i ly milk surplus of three l i t res in each phase of 
l ac ta t ion in t h e case of mi lk ing three t imes a day . Molnár (1981) as well as 
B u d a i and T u r i (1984) consider thrice-daily milking r easonab le for cows of 
t h e best milk p roduc t ion g roup (over 25 l i t res a day) . To a t t a i n a higher t h a n 
7000 litre milk product ion B á l d y (1983) mi lks 9 0 % of t h e cows three t i m e s 
a day , point ing ou t t ha t it r e su l t s in an 8 % increase in o u t p u t . 
The l a c t a t i on curves of cows qualified as medium (dai ly 26-34 kg mi lk) 
a n d high p r o d u c t i v i t y (over 34 kg) on the bas i s of the f i r s t milking, as wel l 
as the results of s tat is t ical ana lyses , prove t h a t the posi t ive effect of t h r e e -
t imes milking is realized f i r s t of all in the s econd phase of l ac t a t i on fol lowing 
t h e peak, thus improving t h e persistence. T h e d a t a on high p roduc t iv i ty cows 
milked three t i m e s a day show t h a t the milk product ion decreases to a lesser 
e x t e n t following t h e lac ta t ion p e a k than in t h e case of cows milked twice a 
d a y . The days of m a x i m u m mi lk product ion a n d the m a x i m u m daily a m o u n t 
of milk, on t h e o the r hand, were not found in th is exper imen t series to v a r y 
w i t h the f r e q u e n c y of milking. A t the same t i m e , in the e x p e r i m e n t of B u d a i 
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and Tur i (1984) the m a x i m u m daily m i l k product ion w a s 33.1 kg w i t h cows 
milked twice and 38.4 k g w i th those m i l k e d three t imes a day; the v o l u m e of 
milk o b t a i n e d in the f i r s t four m o n t h s showed no essent ia l d i f ference , and 
f rom t h e f o u r t h mon th of lacta t ion o n w a r d no d i f ference in pers is tance was 
found b e t w e e n the two groups . 
(2) As for the compos i t ion of mi lk , Hausson (cit . Schönmutl i a n d Leh-
mann 1965) suggests a s t r i c t j udgemen t a t pass on t h e prac t ice of th r ice-da i ly 
milking, declar ing t h a t t h e results s h o u l d be i n t e r p r e t e d as conver t ed into 
FCM, o therwise only " t h e secretion of w a t e r is r eg i s t e red" . Similar v i ews are 
held l»y Csiszár (1957): " I n the case of a high milk p roduc t ion (e.g. 250 kg 
h u t t e r f a t a year) the mi lk o u t p u t is n o t subsant ia l ly increased by r a i s ing the 
number of milkings f r o m t w o to th ree . " I f a cow mi lked three t imes a day 
gives a m e d i u m a m o u n t of milk (e.g. 160 kg h u t t e r f a t a year), t h e n twice-
daily mi lk ing will b u t s l ight ly decrease i ts milk p roduc t ion . On t h e other 
hand, t h e o u t p u t of a cow producing 200 kg h u t t e r f a t a year can be consider-
ably increased by chang ing over f r o m double to t r ip le daily milkings if the 
capaci ty of t h e udder is smal l , or if i t s t issues are less elast ic ." G u b a (1983) 
is of t h e opinion t ha t th r ice-da i ly mi lk ing has a f avou rab l e effect on t h e hu t t e r -
fat pe rcen tage too, besides increasing t h e a m o u n t of mi lk produced. T h e effect 
exercised on the a m o u n t of milk is — according to Madsen (1983) — more 
d ramat ic t h a n the in f luence on the inc rease of h u t t e r f a t . 
S t u d y i n g the course of milk f o r m a t i o n Turner (1953) emphasizes t ha t 
the ra te of milk secretion following mi lk ing remains c o n s t a n t for a r a t h e r long 
time and is no t controlled b y the increased pressure caused by the accumula -
tion of mi lk , as was t h o u g h t earlier. So t h e inhibi tory e f f ec t on secret ion needs 
revision. T h e actual course of milk- a n d h u t t e r f a t syn thes i s is linear for about 
14-16 h o u r s (Ormiston, S p a h r and T o u c h b e r r y 1967). 
At t h e same t ime, in the e x p e r i m e n t of Whee lock , Rook, D o d d and 
Griffin (1966) with t h e lengthening of t h e milking i n t e r v a l the secre t ion of 
milk and mi lk cons t i tuen ts showed a curv i l inear decrease, though of a v a r y i n g 
extent fo r t h e different cons t i tuen ts . T h e order of decrease was: N a + <7 Cl~ <7 
<T fa t </ w h e y proteins casein < N < wa te r < non-p ro t e in N <C lac tose •< 
< K + . 
Accord ing to Witze l and McDonald (1965) the p ressu re measured in the 
udder bas in does not necessar i ly re f lec t t h e pressure b r o u g h t a b o u t in the 
alveoli or in the small collecting t ubu le s in the course of milk secre t ion. The 
secreted mi lk remains t h e r e unti l the p ressu re becomes normal in t h e udde r . 
McMeekan a n d B r u m b y (1956) repor t on the ra te of milk secretion being 
constant fo r 20-24 hours . According to Csiszár (1957): " L a c t a t i o n is in f ac t a 
process t h a t can be r ep re sen t ed by a l ine steadily r is ing a t an angle of abou t 
30-40 degrees for 15 h o u r s following mi lk ing , then s l ight ly f l a t t e n i n g af ter 
the 15th h o u r " . Discussing the i n t ens i t y of milk syn thes i s Guba a n d Dohy 
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(1979) defini tely re fe r to the ro le of pressure condit ions; w h e n the pressure 
rises t o 30-40 H g m m the secre t ion stops. Fo r t h i s reason t h e milking i n t e rva l 
shou ld not be longe r than 8 h o u r s which, c o m p a r e d to the 12 hour in t e rva l , 
m a y result in a 15—20% milk su rp lu s . 
Fig. 1. Lactation curves for the group of cows milked twice a day 
Shape o f lactat ions d e s c r i b e d by Wood's 
f u n c t i o n . 
"О/ < Zb 1 t r— 
30 60 90 120 150 180 210 240 270 305 
Days of l ac ta t i on 
Fig. 2. Lactation curves for the group of cows milked thrice a day 
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T h e resul ts of inves t iga t ions (Tab le 1) show t h a t on increasing t h e num-
ber of da i ly milkings f r o m two to t h r e e some reduc t ion in the f a t c o n t e n t of 
milk m u s t be reckoned w i t h in each l ac t a t i on . The sha rpes t r educ t ion (8.4%) 
was observed with cows f i r s t in l a c t a t i o n ; this pe r cen t age was lower in the 
second a n d subsequent lac ta t ions ( 6 . 3 % a n d 5.2%, respect ively) . H o w e v e r , as 
regards t h e amoun t of b u t t e r f a t p r o d u c e d , this did n o t present p r o b l e m s ; on 
t h e c o n t r a r y , in the case of cows of second lacta t ion even an 11 .4% increase 
in b u t t e r f a t p roduc t ion was observed. As a result of thr ice-dai ly m i l k i n g the 
b u t t e r f a t con ten t of mi lk produced b y medium and h igh capaci ty cows was 
lower b y 5 . 3 % and 3 . 0 % , respect ive ly ; still, the t o t a l bu t t e r f a t p roduc t ion 
Table 2 
Feed and nutrient consumption and feed conversion in the experiment 
Frequency of 
2 X 
milking 
3 x 
Number of feeding days 26 641 26 746 
Milk production total, kg 584 122 704 753 
daily, kg 21.9 26.3 
Feed consumption, q 
maize silage 3 024 2 864 
fresh lucerne 1 588 1 541 
cobmeal 1 175 1 237 
lucerne hay 792 797 
lucerne silage + cobmeal 1 930 1 935 
compound feed I. 182 174 
compound feed I I . 74 77 
milking concentrate I . 528 647 
milking concentration II . 436 420 
maize meal 618 642 
fresh sliced beetroot 1 582 1 605 
Nutr ient consumption 
dry matter total, q 5 260 5 361 
daily, kg 19.74 20.05 
starch equivalent total , q 3 243 3 325 
daily, kg 12.17 12.43 
digestible crude protein total, q 615 635 
daily, kg 2.31 2.37 
Nutrient conversion1 
starch equivalent g/kg milk 559 473 
digestible protein g/kg milk 106 90 
1
 Requirement for maintanence included 
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— mainly of h igh capaci ty cows — showed a 16.8% i m p r o v e m e n t in r e sponse 
to milking t h r e e t imes a d a y . The milk p r o t e i n content d i d no t change i n any 
considerable measure ; t h e increase in t h e quan t i ty of m i l k protein wTas, in 
essentials, p ropor t iona t e t o t h e increase i n t h e amount of milk. 
(3) A p a r t f rom milk produc t ion in t h e 305-day p e r i o d of l a c t a t i on , we 
analysed t h e milk p roduc t ion , feed consumpt ion , n u t r i e n t up take a n d feed 
conversion f o r t h e two g roups of cow sepa ra t e ly . The r e su l t s of the ana lys i s 
are summed u p in Table 2. W e found a 2 0 . 7 % surplus of milk p r o d u c t i o n in 
favour of t h e group milked th ree times a d a y . This resu l t is in full a g r e e m e n t 
wi th our ear l ier f indings. T h e nut r ient i n t a k e , on the o t h e r hand, i nc reased 
h u t s l ightly: fo r s tarch equ iva len t the inc rease was 2 . 5 % and for d iges t ib le 
crude p ro t e in 3 .3%. Madsen (1983) m e n t i o n s an i m p r o v e m e n t in f e e d con-
version in response to mi lk ing three t i m e s a day. R e f e r r i n g to A m e r i c a n 
experiences, Tresser (1978) speaks of a m e r e 5 % increase in feed r equ i r emen t s , 
despite a 15—20% increase in milk p r o d u c t i o n in the ca se of triple mi lk ing . 
The cow's a p p e t i t e improves , b u t a more concent ra ted f e e d is required. I n our 
exper iment t h e s tarch v a l u e conversion r a t i o improved b y 15.4% a n d t h e 
conversion of digestible c r u d e protein b y 1 5 . 1 % possibly because in t h e case of 
higher milk produc t ion t h e a m o u n t of f e e d required t o main tance p e r un i t 
quan t i t y of mi lk is smaller . 
Conclusions 
Milking th ree t imes a d a y t h r o u g h o u t t h e whole l a c t a t i o n period is w o r t h 
considerat ion wi th those cows whose mi lk product ion exceeds 26 litres a t f i r s t 
milk records . 
On g roup ing the cows a f t e r calving, groups to be m i l k e d twice a n t h r e e 
t imes, respect ively , should b e formed w i t h the above t a k e n into cons ide ra -
t ion. The pos i t ive effect of thrice-daily mi lk ing on milk product ion s h o w s in 
each l ac t a t ion . 
Inc rease is the g rea tes t wi th high p r o d u c t i v i t y cows. 
As a response to da i l y t r ip le-mi lking the b u t t e r f a t content s l igh t ly 
decreases whi le the milk p r o t e i n conten t does not change . 
Yet , as a residt of a surplus of m i l k product ion t h e actual a m o u n t of 
b u t t e r f a t increases ; in t h e a m o u n t of m i l k protein the increase is m o r e pro-
nounced. 
The f a v o u r a b l e ef fect of thr ice-dai ly milking f i rs t a p p e a r s in t h e pe r iod 
following t h e lac ta t ion p e a k , and the e x t e n t of this pos i t ive effect keeps grow-
ing with t h e progress of l a c t a t i on . 
The p h e n o m e n o n is explained as fol lows: cows m i l k e d three t i m e s a 
d a y keep t h e i r milk be t t e r , t h e y persist b e t t e r , and this t e n d e n c y is p a r t i c u l a r l y 
remarkable in t h e case of h igh p r o d u c t i v i t y cows, as t h e y drop the m i l k t o a 
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l e s s e r e x t e n t i n t h e l o n g e r d e s c e n d i n g p h a s e of t h e l a c t a t i o n c u r v e t h a n d o 
c o w s m i l k e d t w i c e a d a y . 
I t c a n b e e s t a b l i s h e d t h a t t h e d a i r y p r a c t i c e b o t h i n H u n g a r y a n d 
a b r o a d h a s r e c o g n i s e d t h e i m p o r t a n c e of d a i l y t r i p l e - m i l k i n g . W i t h o u r s t u d y 
w e w i s h e d t o s u p p o r t t h e r e a s o n a b l e n e s s o f t h i s p r a c t i c e w i t h d e f i n i t e m e a s u r e -
m e n t s , c a l l i n g a t t e n t i o n t o s o m e o p i n i o n s u p o n w h i c h i n s u f f i c i e n t l i g h t h a s 
b e e n t h r o w n s o f a r . H o w e v e r , t h e p r a c t i c e o f t h r i c e - d a i l y m i l k i n g is w o r t h -
w h i l e o n l y i n t h e case of m i l k p r o d u c t i o n a b o v e 6000 k g , a n d m i r a c l e s c a n n o t 
b e e x p e c t e d f r o m i t . I t wi l l f u n c t i o n e f f i c i e n t l y o n l y in d a i r i e s w i t h a n o t h e r -
w i s e a d e q u a t e l e v e l of o p e r a t i o n , k e e p i n g a n d f e e d i n g . 
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OF DIFFERENT GENOTYPES 
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Mastitis tes ts were carried out by the authors with cows of different genotypes. 
The relationship between the ra te of mastitis incidence and each of t he following factors 
was also investigated: distance between the ground and the teat t ip , distance between 
the teats, lengths, diameter and angle of deviation of the teats f rom the vertical direc-
tion, milking capaci ty and udder index. 
Data f rom studies on udder morphology were evaluated by the aid of a computer 
of the R-20 type . 
In the course of the experiments, it has been observed, that t he genotype of t he 
animal and udder morphological features play a less important role in mastitis develop-
ment then has been thought. Therefore, according to authors, still greater emphasis 
should be laid in future on the training of staff, who would be entirely able to realize 
keeping technological measures. 
Keywords: Cows, mastitis, udder morphology. 
Introduct ion 
J u d g e m e n t of t h e su i tab i l i ty of the u d d e r for mach ine milking, w i t h 
knowledge of t h e var ie ty , is discussed in t h e l i te ra ture dea l ing with c a t t l e 
breeding. The v a s t ma jo r i t y of t h e s e j u d g e m e n t s was based on t h e pe rcen tage 
d i s t r ibu t ion of mas t i t i s incidence among d i f f e r e n t varieties, as it has b e e n 
de te rmined b y d i f f e ren t me thods of examina t ion . In the case of the var ie t ies 
of countr ies w i th highly developed breeding cu l ture , it m a y he s ta ted t h a t 
mas t i t i s incidence is of a lesser impor tance w i t h machine milking. This is 
ma in ly a t t r i b u t e d t o t h e fac t t h a t , in the course of breeding, selection w a s 
m a d e in addi t ion t o milk p r o d u c t i o n also f o r udde r morpho logy . In u d d e r 
j u d g e m e n t s of s u c h a t endency , however, skil l and affect ion for animals of 
t h e milkers and keepers , keeping conditions, t y p e s of milking machines, e t c . 
were never considered. Ef fec t s of these v a r i o u s factors h a v e been m o s t l y 
neglected and on ly t h e f inal r e su l t , i.e. f r e q u e n c y of mas t i t i s incidence w a s 
t a k e n into accoun t and it was a t t r i bu t ed exclusively to t h e var ie ta l suscep-
t ib i l i ty to mas t i t i s . Studies on masti t is inc idence among d i f ferent b r eeds , 
carr ied out u n d e r identical condi t ions , h a v e been made b y only very f e w 
workers . Therefore , comparison of t h e results wou ld not be reasonable . 
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Simul taneous ly w i t h t r a n s f o r m a t i o n cross-breedings, carried o u t in order 
to ob ta in increased p roduc t i on — in t h e hope of h ighe r profi t — improved 
condit ions were assured fo r dairy cows, which m e a n a t the same t i m e bet ter 
feeding, h e a l t h provis ion and red i s t r ibu t ion of t h e m o s t skilled mi lkers and 
keepers. 
I n such a case i t w a s experienced t h a t , in iden t i ca l farms w i t h identical 
feeding possibilities a n d san i ta ry condi t ions , mas t i t i s negat iv i ty w a s 6 5 % in 
the H u n g a r i a n spo t t ed X Holstein f r i e s i an F x ca t t le s tock , while o n l y about 
15% of t h e Hunga r i an s p o t t e d stock, t o he sorted o u t , proved to be nega t ive . 
The cause of this m a r k e d difference c o u l d be t r a c e d back — as i t became 
subsequen t ly evident -— t o the fact t h a t most qua l i f i ed milkers a u d workers 
being f o n d of animals were charged w i t h taking ca re of the F 3 popu la t ion 
while m i s t r e a t m e n t of t h e animals was charac ter i s t ic of t h e H u n g a r i a n spot ted 
stock. On one occasion, when the d o o r of the s t ab l e was opened, all cows 
nervously t r embled w i t h fear . Later , t h e causes of t h i s behaviour could he 
discovered, b y noticing t h e wounds a n d pinholes on t h e legs and f l a n k s of the 
cows, because of s tabs m a d e with a p i t c h f o r k . Never theless , cleanliness and 
tidiness p reva i led in t h e s table and f r e s h s t raw was f o u n d at all t i m e s under 
the an imals . The a t m o s p h e r e , however , in which cows shuddered f r o m fear 
even at t h e slightest noise , inhibited — p r e s u m a b l y — also the milk fu rn i sh ing 
capaci ty of t h e cows, r e su l t i ng in a h ighe r degree of m a s t i t i s incidence. A coun-
t e r -example of this was f o u n d in the s t o c k breeding f a r m of the co-opera t ive 
a t Kocsér , where the b e s t cow-keepers were employed to care for t h e Hun-
garian s p o t t e d var ie ty , a n d where t h e r e was about 9 0 % of the s tock mast i t i s 
negat ive. I n t h e H u n g a r i a n spotted X Hols te in f r ies ian F 3 herd of t h e same 
co-operat ive , a higher pe rcen tage of m a s t i t i s incidence was found. 
The impor t ance of t h e human f a c t o r was emphas ized also b y Gooding, 
who s t ressed t h a t , in a d d i t i o n to unsk i l l ed milking, inconsiderate t r e a t m e n t 
and careless ma in t enance are the main causes of mas t i t i s deve lopment . 
The signif icance of affect ion for a n i m a l s and conscientious m a i n t e n a n c e 
is pointed ou t in the s t u d y b y Szajkó 1976. According t o him, mi lk ing t ime, 
speed of mi lk ing, occurrence and d u r a t i o n of e m p t y milking are m a r k e d l y 
inf luenced b y p repa ra t i on of the udde r , hav ing an e f fec t also on i t s hea l th 
condit ion. 
These s tudies p a r t l y explain w h y mas t i t i s was of lesser i m p o r t a n c e in 
t h e case of h a n d milking, u n d e r small sca le condit ions, making poss ible t h a t 
more skilled keepers, be ing fond of an ima l s , could spend more t ime on deal ing 
individual ly wi th the an ima l s . 
The increase in concent ra t ion a n d mechan iza t ion of milk p roduc ing 
farms, however , makes s tocks more a n d more sensi t ive , providing grea ter 
o p p o r t u n i t y fo r occurrence a n d e n h a n c e m e n t of technological faul ts . S ince in 
m a n y cases, t h e propor t ion of workers w h o are fond of t h e i r profession decreases 
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among da i ry m e n , they t e n d to overcome these deficiencies hy the a id of 
advanced technology . The h igher technological level, howeve r , would r e q u i r e 
more skilled s t a f f . This ques t ion m a y be f i n i s h e d — wi thout f u r t h e r analysis — 
b y the conclusion t h a t severe diseases of d a i r y cows are in causal cor re la t ion 
wi th a n u m b e r of other f a c t o r s . This m e a n s t h a t a s y s t e m of condi t ions is 
necessary for t h e deve lopment , ma in tenance or cessation of t h e effect. I n o t h e r 
words, cause m a y only elicit i ts effect, if conditions fo r t h e same s u b j e c t 
were ident ical . 
Mater ia l and m e t h o d s 
Experiments were carried out between 1973—1982 in 6 state f a rms and 36 f a r m e r s ' 
agricultural co-operatives. The examinations were f inished simultaneously with those m a d e by 
the Herd Book Advisory Board. Mastitis was detected by the aid of t he mastitis trial. 
To elucidate the relationship between udder morphological features and mas t i t i s 
incidence, the udder and teat sizes of 975 dairy cows were evaluated in the following manne r . 
The distance between the ground and the t e a t t ips as well as t he length of the t ea t s 
were determined by the aid of a millimetre-scale measuring rod. 
The diameter of the teats was measured with a slidge-gauge. The determination of the 
angle of deviation of the teats f rom the vertical direction was made by the application of a 
measuring network, constructed specially for this purpose, by the aid of which distances 
between the teats as well as those of the teat bases could be found. F r o m the resulting d a t a , 
subsequently the angle of deviation of the teats f r o m the vertical direction was established 
by the aid of squared plotting paper and an anglemeter. 
Method of udder examination 
The distance between the t ea t s and the ground and the length of the teats weie de-
termined with a millimeter scale measuring rod. The diameter of the t ea t s was measured wi th 
a slide-gauge. The deviation of the teats from the vert ical direction and the distance be tween 
the teat bases were determined by the application of a measuring network, constructed 
specially for this purpose. From the data obtained, the angle of deviat ion from the ver t ical 
direction was later established by the aid squared plot t ing paper and an anglemeter. 
Description of the measuring network, constructed for udder examination 
A solid iron framework of 100x100 cm size was prepared, onto which green wires 
fixed both horizontally and vertically at a distance of 1 cm apart . To facilitate readings , 
instead of green wire, black marking wires were inser ted at every 5 cm distance. Graduat ions 
on the left side and upper edge of the framework were denoted by serial numbers, s t a r t ing 
off from the upper left side corner of the upright f ramework. By the aid of these graduat ions , 
also the length of the teat could be easily read and determined and in other cases, t he dis-
tance between the tea t bases (see Table 1). 
From these measurements, the deviation of t he teat from the vertical direction also 
became easily detectable. This measuring network could be successfully used in the course 
of studies on udder increase, too. In this case, udder area could be recorded from behind , in 
plane also by photograph, and f rom the lateral posit ion as well as a f t e r drawing aside the 
tail of the animal. After planimetrization of the photographs made in this manner, t h e size 
of udder area measured in the plane was obtained. I n the course of addit ional research work , 
the increase in the udder size of heifers up to calving, and subsequent udder morphological 
changes occurring during lactation, were studied wi th the aid of t he measuring ne twork . 
The use of the measuring network 
Cows are led to a site of plain floor, and the measuring network is set up close t o the 
animal — immediately next to the udder, or in o ther cases, behind the hindquarter. There-
after, corresponding data may be read from the ne twork . Reading distance from the ne twork 
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should he be tween 3-6 m. Workers , who are reading the data or making photographs from 
the udder, m u s t not remain constant ly at equal distances from the subject under s t u d y (in 
this case, f rom the udder) since, according to t he rules of perspective, if one stands nearer , 
not only the u d d e r (or teats) seem to be larger, b u t also the graduation of the measuring net-
work. The exact opposite is t rue for the more r emote position. 
Processing of the data 
The udder morphological da t a were ar ranged, and thereafter programmed together 
with the results of mastitis teats , into a computer of the R-20 type, and evaluated by correla-
tion calculation. In addition to statistical evaluation, diagrams were also constructed, for a 
better demonstration. 
Evaluation of udder morphological examination 
In the course of the experiments, distances between fore, h ind , left and r ight teats , 
resp., and the ground, length a n d diameter of t h e teats, distances between the tea t s , and 
level differences between the t ea t bases were separate ly evaluated. 
In addi t ion to the binary functional relation, a multiple correlation analysis was also 
used to clarify t h e role of each var iable in the determinat ion and development of relationships. 
R e s u l t s a n d d i s c u s s i o n 
Evaluation of the investigations 
I n e v a l u a t i n g n e a r l y 3 0 0 0 0 d a i r y c o w s o f d i f f e r e n t g e n o t y p e s , s i g n i f i c a n t 
d i f f e r e n c e s b e t w e e n t h e r a t e a n d f r e q u e n c y of m a s t i t i s c o u l d n o t b e d e m o n -
s t r a t e d b y s t a t i s t i c a l m e t h o d s o f c a l c u l a t i o n . T h i s m a y b e d u e — p r e s u m a b l y — 
Table I 
Frequency of mastitis incidence among different dairy cattle genotypes 
Reaction 
Hungarian 
spotted 
H s x Hoist , 
friesian F , 
I l s X Red 
friesian F, 
Holstein 
friesian Ayrshire Total 
Negative No. 3283 8 969 5906 305 163 18 626 
0/ 
/ 0 61.40 63.13 66.20 65.87 66.0 63.82 
+ No. 577 1 313 866 32 23 2 811 
0 / 
/ 0 10.79 9.24 9.71 6.45 9.50 9.63 
+ + No. 716 1 990 990 56 29 3 781 
CJ 
о / 
/ 0 13.39 14.01 11.10 12.09 11.70 12.95 
+ + + No. 577 1 332 749 47 21 2 706 
Vi 
о 
0 ' 
/ 0 10.42 9.38 8.39 10.15 8.50 9.27 
&ч + + + + No. 96 296 189 10 5 594 
0/ / 0 1.80 2.08 2.10 2.05 2.10 2.03 
Clinical No. 118 308 223 13 6 668 
0/ / 0 2.21 2.17 2.50 2.79 2.40 2.29 
Total No. 5347 14 207 8922 463 247 29 196 
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t o t h e lack of ident ica l conditions u n t i l now, unde r which dif ferent genotypes 
could he compared , w i t h respect t o main tenance , feeding and m i l k i n g tech-
nologies, as well as t h e supply of mi lkers of the s a m e qual i f ica t ion and con-
scient iousness. The resul ts of inves t iga t ions are demons t r a t ed in Table 1. 
Since we w a n t e d to satisfy t h i s question comple te ly , e x a m i n a t i o n s were 
e x t e n d e d to var ious s tudies on u d d e r morphology. I n our expe r imen ta l work 
we s t a r t e d f rom t h e f ac t o p t i m u m dis tance b e t w e e n the t ea t t i p s and the 
g r o u n d was regarded as 45-50 cm b y a number of a u t h o r s (Hámor i , H o r v á t h , 
K a t o n a 1970; K o v á t s et al. 1973, 1974) reported, t h a t the o p t i m u m distance 
was 50 cm. 
I n relat ion to sho r t legs, also t e a t s longer t h a n 9 cm are looked upon as 
pred ispos ing fac tor t o masti t is b e c a u s e of the risk of being t r a m p l e d b y the 
fee t . Subs tan t ia l ly , a different f r e q u e n c y andra te of mast i t i s i nc idency among 
v a r i o u s genotypes is ma in ly t raced h a c k to these f ac to r s . The o p t i m u m length 
and d i a m e t e r of t h e t e a t s may be regarded as 5 - 6 cm and 20-22 m m , resp. 
I n contras t w i t h earlier s t a t e m e n t s , it was sugges ted by McDona ld (1977) 
t h a t a predisposi t ion to infection is n o t inf luenced b y the length of t h e teat 
duc t . I t was also f o u n d t ha t , if t h e w i d t h of the t e a t duc t d i ame te r surpasses 
t h a t of t h e average, the re is an increased predisposi t ion to m a s t i t i s devel-
o p m e n t . 
I t was repor ted b y Johnson (1975), t ha t t h e speed of milk fu rn i sh ing is 
advan t ageous ly in f luenced by wide , short tea t duc t s , a l though t h e r e b y the 
poss ibi l i ty of access of pathogens t o t h e udder is increased, while t h e opposite 
is t r u e for narrow, long tea t duc t s . Zeman et al. (1973) repor ted t h a t a pre-
disposi t ion to subcl inical mastit is increases with t h e speed of mi lk furn ish ing . 
I t is considered impor t an t b y m o s t of the m a n u a l s for a n i m a l breeding 
t h a t inves t iga t ions on udder index a n d speed of mi lk ing should also be carried 
ou t , because the pred ic t ion of h e a l t h conditions of t h e udde r is to b e expected. 
I n add i t i on to the f ac to r s listed a b o v e , we examined also the d e v i a t i o n of the 
t e a t s f r o m the ver t ica l direction as wel l as the d i s tance between t h e t e a t bases. 
Evaluation of the distance betiveen teat tips and the ground 
Frequency of mast i t i s inc idence in the case of a distance of 45-50 cm 
b e t w e e n t h e tea t t i p s and the g r o u n d — which h a s been considered as opti-
m u m — is clearly shown in Table 2 . 
Correlations were also ca lcu la ted for all t ea t s and , in this case , t h e value 
of " r " was — 0.323. T h e sca t te r ing of the dis tance be tween the t e a t t ips and 
the g r o u n d was 1.89 cm (s). 
T h e udder , w h e n in a lower posit ion, inh ib i t s the se t t ing u p of the 
mi lk ing machine a n d in this case, t h e collector of t h e milking m a c h i n e gets 
on to t h e surface of t h e p la t form, so t h a t the t e a t m a y be b e n t a n d tissue 
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Table 2 
Evaluation of the effect of the distance between the teat tips 
and the ground 
Percentage distribution 
Value of of distances between 
Teat correl. teats and the ground (r)  
44.9 cm 45-50 cm 50.1 cm 
Fore, right — 0.280 36.8 53.1 10.1 
Fore, left — 0.236 35.5 55.2 9.3 
Hinder, right — 0.126 39.2 50.0 10.8 
Hinder, left — 0.098 29.7 56.2 14.1 
d a m a g e may occur . I n our opin ion , t h e bending of the tea ts bea r s a greater 
causa l relat ionship w i t h mas t i t i s deve lopment t h a n the increased possibility 
of infect ion of t h e t e a t s s i tua ted nea r e r to t h e g r o u n d . 
Evaluation of the teat length 
The results of s tudies on t e a t length are summar i zed in T a b l e 3. I t can 
be s t a t ed t ha t t h e t e a t length does no t exert a s ign i f ican t inf luence on mastit is 
(r = 0.1743). 
Evaluation of the teat diameter 
The results of s tudies on t e a t d iameter are p resen ted in Tab le 4. Correla-
t ion analyses show t h a t the t e a t d iameter is on ly slightly rea l ted to mastit is 
pos i t iv i ty (r = + 0 . 2 1 8 ) . 
Evaluation of the distance between the teats, level difference between teat cases and 
angle of deviation from the vertical direction 
The angle of devia t ion of t h e t e a t s f rom t h e ver t ica l direct ion is slightly 
cor re la ted with m a s t i t i s (r = + 0 . 2 2 3 ) . The i n t r o d u c t i o n of two variables , i.e. 
t h e t e a t length a n d t h e angle of dev ia t ion f rom t h e ver t ica l d i rec t ion, however, 
r esu l ted in a h igher degree of cor re la t ion (r = + 0 . 3 4 9 ) . 
The closest corre la t ion was demons t r a t ed be tween mas t i t i s incidence 
a n d animals wi th u d d e r morphological disorders (r = 0.496). I n t h e course of 
m o r e comprehensive studies on t h i s subject , it w a s also recognized t ha t the 
t e a t s which dev ia ted f r o m t h e ve r t i ca l direction, w e r e not the m o s t f requent ly 
diseased — as wou ld be expected because of b e n d i n g , caused b y t h e milking 
m a c h i n e — bu t t h o s e of regular pos i t ion . This occurs because of t h e fact t h a t 
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t e a t s o f a r e g u l a r p o s i t i o n m a y b e m i l k e d o u t m o r e r a p i d l y a n d t h u s t h e 
d u r a t i o n of b l i n d m i l k i n g s i n c r e a s e s , w h i c h l e a d s s o o n e r or l a t e r t o m a s t i t i s 
d e v e l o p m e n t . 
Table 3 
Evaluation of the length of the teats 
Teat (cm) 
s 
(cm) V (%) 
Lim 
(cm) 
Fore, right 7 . 3 7 1 . 6 9 4 2 2 . 9 8 3 . 0 - 1 1 . 5 
Fore, left 8 . 3 3 1 . 0 7 2 1 2 . 8 6 8 . 0 - 1 0 . 5 
Hinder, right 6 . 6 9 1 . 4 4 2 2 1 . 5 0 4 . 5 - 9 . 5 
Hinder, lef t 6 . 7 7 1 . 4 9 3 2 2 . 0 5 5 . 0 - 1 0 . 0 
Table 4 
Evaluation of the diameter of the teats 
Teat X (cm) 
s 
(cm) V (%) 
Li in 
(cm) 
Fore, right 2 8 . 8 8 0 . 4 2 1 . 4 5 4 2 3 - - 4 0 
Fore, left 3 1 . 3 1 0 . 4 4 1 . 4 0 5 2 3 - - 4 0 
Hinder, r ight 2 9 . 8 3 0 . 4 6 1 . 5 4 2 2 4 - - 4 3 
Hinder, left 3 0 . 0 6 0 . 3 5 1 . 1 6 4 2 4 - - 4 2 
Table 5 
Relation between the speed of milking 
and mastitis 
Speed of 
milking, 
I/min 
Results of mastitis tests Total, 
healthy, % diseased, % % 
1 . 4 1 - 2 . 2 0 4 8 . 6 5 1 . 4 1 0 0 
2 . 2 1 - 2 . 8 0 5 6 . 8 4 3 . 2 1 0 0 
2 . 8 1 - 3 . 6 0 5 0 . 0 5 0 . 0 1 0 0 
Table 6 
Relationship between udder index and mastitis 
Udder index, Resul ts of mastitis tests Total, 
% healthy, % diseased, % % 
3 8 . 1 - 4 9 . 9 4 7 . 1 5 2 . 9 1 0 0 
5 0 . 0 - 5 0 . 9 4 7 . 9 5 2 . 1 1 0 0 
5 1 . 0 - 5 5 . 0 4 0 . 0 6 0 . 0 1 0 0 
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Correlation between the speed of milking and mastitis 
I t c a n b e c o n c l u d e d f r o m t h e r e s u l t s i n T a b l e 5 t h a t s e c r e t o r y d i s o r d e r s 
o c c u r m o r e f r e q u e n t l y a m o n g d a i r y c a t t l e t h a t a r e m i l k e d w i t h a h i g h e r o r 
l o w e r speed t h a n t h e a v e r a g e . A v e r y w e a k c o r r e l a t i o n a p p e a r s b e t w e e n t h e 
s p e e d of m i l k i n g a n d m a s t i t i s ( r = 0 .1200) . T h e r e f o r e , n o c o n c l u s i o n c a n b e 
d r a w n f r o m t h e s p e e d of m i l k i n g w i t h t h e s u s c e p t i b i l i t y t o m a s t i t i s . 
Correlation between udder index and mastitis incidence 
F r o m t h e g r o u p i n g i n T a b l e 6 i t m a y b e s t a t e d t h a t i n t h e c a s e of u d d e r 
i n d i c e s a b o v e 5 0 % , t h e p r o p o r t i o n of m a s t i t i s i n c r e a s e d a l t h o u g h t h e p r a c t i c a l 
c o r r e l a t i o n c o u l d n o t h e e s t a b l i s h e d b y c a l c u l a t i o n s (r = 0 . 1 4 3 ) . 
C o n c l u s i o n 
O n t h e b a s i s o f o u r i n v e s t i g a t i o n , i t c a n b e s t a t e d t h a t t h e g e n o t y p e o f 
t h e d a i r y c a t t l e a n d t h e i r u d d e r m o r p h o l o g i c a l f e a t u r e s p l a y a l e s s i m p o r t a n t 
r o l e i n m a s t i t i s d e v e l o p m e n t t h a n h a s b e e n p r e v i o u s l y c o n s i d e r e d . 
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SELECTING HYBRIDS 
FOR SILAGE MAIZE PRODUCTION* 
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• • C I B A - G E I G Y SEMENCES, A U N E A U , FRANCE 
(Received: 20 October 1986) 
There have been several attempts to develop superior performing hybr ids for 
silage production. Material tha t has been radically different f rom the conventional 
grain hybrid has been disappointing. An examination of current information suggests 
that hybr ids developed specifically for whole-plant silage production will not look 
materially different than a grain hybrid. Majo r emphasis in selection will be on whole-
plant dry mat ter (DM) yield with less emphasis on grain yield, stalk lodging resistance, 
plant barrenness and matur i ty . 
In Canada, hybrids currently on the market were developed for grain produc-
tion. A s tudy was conducted to determine t he relationship between grain yield follow-
ing grain maturi ty and whole-plant DM yield and quality determined at the silage 
harvest stage. There was a significant l inear relationship between grain yield per-
formance and silage yield. However, the relationship was no t complete enough to 
permit reliable selection of hybrids for silage production based on grain yield per-
formance. 
Preliminary results of a recurrent selection program aimed at the development 
of improved germplasm for silage production are reported. Selection of S, lines based 
on whole-plant yield in silage trials was more effective in increasing whole-plant DM 
yield than selection of S, lines based on grain yield in grain production trials. 
Keywords: Zea mays L., silage product ion, silage hybrids , recurrent selection, 
digestibility, corn. 
B a c k g r o u n d 
M a i z e is a v e r y i m p o r t a n t f o r a g e s p e c i e s . As a f o r a g e i t is used p r i m a r i l y 
i n t h e p r o d u c t i o n of w h o l e - p l a n t m a i z e s i l a g e . C a n a d a c u r r e n t l y h a s i n t h e 
o r d e r of 4 0 0 , 0 0 0 h a of m a i z e g r o w n f o r m a i z e si lage p r o d u c t i o n . T h r o u g h o u t 
b o t h N o r t h A m e r i c a a n d E u r o p e t h e p r i m a r y o b j e c t i v e i n t h e p r o d u c t i o n of 
m a i z e f o r s i l a g e p r o d u c t i o n h a v e b e e n h i g h d r y m a t t e r ( D M yield) p e r u n i t 
a r e a of l a n d , h i g h q u a l i t y f o r r u m i n a n t s a n d a h i g h e n o u g h D M c o n t e n t 
t o e n s u r e p r o p e r ens i l i ng w i t h m i n i m u m l o s s e s a s wel l as h i g h a n i m a l D M i n t a k e . 
U n t i l r e c e n t l y , c o r n b r e e d i n g e f f o r t s h a v e c o n c e n t r a t e d on t h e d e v e l o p -
m e n t of g e r m p l a s m a n d h y b r i d s f o r g r a i n p r o d u c t i o n . T o a l a r g e e x t e n t , p r o -
d u c t i o n p r a c t i c e s h a v e a l s o b e e n t h o s e d e t e r m i n e d f o r g r a i n m a i z e p r o d u c t i o n . 
* The paper w as presented a t International Forage Research Congress held in Moson-
magyaróvár, August 27-29, 1986. 
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At G u e l p h , our init ial silage research examined field product ion p rac t i ce s 
for silage m a i z e relative t o g ra in maize p roduc t ion . I t is n o t my in t en t ion to 
spend much t i m e reviewing t h e research o n silage p roduc t ion practices. H o w -
ever, it is w o r t h noting t h a t t h e Ontario Governmen t does recommend h i g h e r 
plant ing dens i t i e s and longer season h y b r i d when maize co rn is being g rown 
for silage p r o d u c t i o n . Our cu r ren t a p p r o a c h suggests t h a t plant ing dens i t i es 
about 2 0 % higher t han recommended f o r grain p roduc t ion will resu l t in 
increased y ie lds of DM w i t h li t t le or no loss of quali ty. I n terms of h y b r i d 
ma tu r i ty , w e suggest t h a t f a rmer s consider growing h y b r i d s for silage t h a t 
are about 200 Ontar io Corn H e a t Units ( B r o w n 1978) l a te r t h a n r ecommended 
for grain. T h i s amounts t o a ra t ing of F A O 300 rather t h a n FAO 200 or ap-
proximate ly t w o weeks in t h e fall. The o t h e r suggestion we make is t h a t i t is 
more i m p o r t a n t for a f a r m e r to plant h is grain maize e a r l y than his s i lage 
maize. H o w e v e r , it should b e pointed ou t t h a t delayed p l a n t i n g of maize fo r 
silage p r o d u c t i o n does resu l t in reduced y ie lds of DM a n d a greater r i s t of 
immature m a i z e and de layed harvest in t h e fall. The r ea son for this r e c o m -
mendat ion is t h a t delayed p lan t ing reduces grain yield re la t ively more t h a n 
whole-plant y ie ld . In add i t i on , the p rob lem of delayed m a t u r i t y for g ra in is 
more critical s ince the grain component is t h e last to deve lop . Any r e d u c t i o n 
in grain y ie ld , therefore , r e su l t s in a loss of t h e only c o m p o n e n t to be h a r v e s t e d . 
This is not t r u e for whole-p lant yield, w h e r e the effects of delayed m a t u r i t y 
on grain c o m p o n e n t yield a r e coun te rba lanced by the e f f ec t on stover y ie ld 
(Daynard a n d H u n t e r 1975). 
Recent research has examined the e f f e c t of stress on t h e per formance of 
maize when grown for s i lage compared t o grain p roduc t ion (Mbewe a n d 
Hun te r 1986). Shading stress applied at e a c h of three s t ages of deve lopmen t , 
vegetat ive, r eproduc t ive , a n d grain filling, all resulted in a reduct ion in whole -
p lan t DM yie ld relative to a non-shaded con t ro l . The r e d u c t i o n in yield w a s 
similar in m a g n i t u d e for all t h r ee shade t r e a t m e n t s . In con t r a s t , grain y ie ld 
was reduced f a r more when t h e stress was appl ied at t h e reproduct ive s t a g e 
compared t o s t ress at t he vege ta t ive or g r a in filling s t ages . In the case of 
whole-plant y ie ld , there was no similar r e d u c t i o n from reproduc t ive s h a d i n g 
because a h i g h e r stover y ie ld compensa ted fo r the r educ t ion in grain y ie ld . 
Hav ing b r i e f ly discussed some of t h e p roduc t ion p rac t i ces and the s t r e s s 
response of m a i z e grown f o r silage p r o d u c t i o n , the r e m a i n d e r of this p a p e r 
will examine t h e role of t h e genotype in silage p roduc t ion . The brief dis-
cussion on p r o d u c t i o n p rac t i ces supplies s o m e informat ion on what c u l t u r a l 
practices will h e used, a t l e a s t at the p r e s e n t time, for m a i z e tha t is g r o w n 
for silage. 
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Silage ideotype 
In a search for b e t t e r "silage h y b r i d s " , considerable research e f f o r t has 
examined a n u m b e r of " d i f f e r e n t " maize types . In search of higher D M yields, 
researchers have examined tillering m a i z e (Freyman e t al. 1973) e x t r e m e l y 
late m a t u r i n g maize t h a t is very tall a n d l ea fy (Hun te r a n d K a n n e n b e r g 1970) 
and b a r r e n or male s ter i le p lants ( P e r r y and Caldwell 1969). None of these 
approaches has shown m u c h promise f o r increasing D M yields. In add i t ion , 
maize geno types p roduc ing lit t le or no gra in (very l a t e matur ing m a t e r i a l or 
bar ren or male sterile corns) have b e e n found to h a v e moisture con ten t s 
higher t h a n desirable fo r making good qua l i ty silage. A t t empts t o p rov ide 
silage geno types with b e t t e r quali ty h a v e included t h e use of d w a r f i n g genes 
(Byers et al. 1965) and t i l ler ing ge rmp la sm (Bowden e t al. 1973). O n c e again, 
no clear advan tages h a v e been d e m o n s t r a t e d . An except ion to t h i s is the 
feeding v a l u e of brown midr ib mater ia l (i.e. maize con ta in ing the b m 3 gene). 
Such ma te r i a l has been demons t r a t ed t o he lower in whole-plant l ign in con-
t en t (Muller et al. 1971). T h e result h a s been improved feeding p e r f o r m a n c e 
as d e m o n s t r a t e d by, for example . Colenbrander et al . (1975). U n f o r t u n a t e l y , 
the field pe r fo rmance of b rown midrib ge rmplasm has been found to b e inferior 
to normal mater ia l . 
I n s u m m a r y , a t t h e present t ime , the re do n o t appear to h e radical ly 
di f ferent maize genotypes t h a t will m a k e a major con t r ibu t ion to i m p r o v i n g 
q u a n t i t y and /o r qual i ty of maize grown fo r whole-plant silage. If we a re not 
looking for any th ing rad ica l ly d i f ferent , w h a t then are we looking f o r ? 
The re is not a g rea t deal of i n f o r m a t i o n suggest ing what c o n s t i t u t e s a 
silage h y b r i d . As s t a t ed earler, we k n o w the objec t ives , but how t o obta in 
these ob jec t ives in a b reed ing program h a s been less c lear in Nor th Amer ica , 
where mos t breeders do n o t select m a t e r i a l for silage per formance , h u t ra ther 
rely on t h e concept t h a t t h e best grain-yielding hybr ids a re the mos t sui table 
for silage p roduc t ion . This approach is b a s e d pr imari ly on the work c o n d u c t e d 
in the Un i t ed States in t h e 1930's and 1940's (i.e. N e v e n s 1933). T h e s e early 
compar isons concluded t h a t in general t h e best grain genotype also p roduced 
high yie lding, high q u a l i t y forage at a D M content su i t ab le for ensi l ing. The 
concept was suppor ted b y t h e fact t h a t t h e grain is h i g h in quali ty r e l a t i v e to 
the s tover . I t is also possible t ha t m a i z e breeders accep ted the p r e m i s e of 
choosing silage hybr ids based on grain y ie ld pe r fo rmance because it e l imina ted 
the t ime a n d expense of separate b r e e d i n g and eva lua t ion p r o g r a m s . This 
would he a ma jo r considera t ion in reg ions where t h e silage maize acreage 
cons t i tu tes a relat ively smal l propor t ion of the tota l g ra in acreage. Clear ly , in 
such regions, resources a re be t te r spen t on evaluat ion fo r grain yie ld . 
In m a n y of t h e shor te r season a reas into w h i c h maize has recent ly 
expanded , silage maize product ion p l a y s a relat ively greater role. I n some 
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a r e a s almost all t h e maize is u sed for silage p roduc t ion . Maize researchers in 
s u c h areas are ques t ioning t h e concept of se lec t ing the best g ra in hybrid a n d 
u s i n g them for s i lage. For e x a m p l e , in F rance , Gallais et al. (1976) found n o 
relat ionship b e t w e e n the p r o p o r t i o n of grain in hybrids and t o t a l DM yie ld . 
T h e y did f ind h y b r i d differences for forage D M yield. The i r conclusion w a s 
t h a t it is necessa ry to obtain m a x i m u m d e v e l o p m e n t of all p a r t s of the p l a n t 
i n order to o b t a i n highest y ie lds . Stalk h e i g h t and d iameter as well as leaf 
dimensions h a v e been reported t o be related t o whole-plant D M yields (Gallais 
e t al. 1976; Cra ig 1966). H o w e v e r , it would n o t be a suitable s t ra tegy s imply 
t o select for t h e s e t ra i t s w i t h o u t a careful m o n i t o r i n g of m a t u r i t y or else t h e 
selections would undoub ted ly re f lec t m a t u r i t y shif ts in add i t i on to the D M 
y ie ld gains. In s h o r t e r season a reas , this w o u l d resul t in low whole-plant D M 
c o n t e n t due to r e d u c e d grain c o n t e n t . 
Under C a n a d i a n climatic condit ions t h e m o s t direct a p p r o a c h to ob t a in -
i n g a DM c o n t e n t acceptable f o r making good whole-plant silage is to g row 
genotypes t h a t p r o d u c e a f a i r ly high p ropor t ion of grain. I t is not necessary 
t o wait for m a x i m u m grain p roduc t ion (black layer ) in order t o obtain a h igh 
enough DM c o n t e n t . By the t i m e the plant h a s a t t a ined 8 5 - 9 0 % of m a x i m u m 
gra in yield, t h e whole-plant D M content will b e close to 3 5 % (Daynard a n d 
H u n t e r 1975). A t t h i s stage, g ra in moisture will b e about 4 4 % . I n other words , 
t h e r e is research t h a t suppor t s t h e concept t h a t high grain content per se 
shou ld not be t h e goal of silage product ion. Howeve r , it is necessary to h a v e 
suff ic ient grain c o n t e n t to assure a DM con ten t sui table for ensil ing. In C a n a d a 
w e normally t h i n k in terms of 3 5 % DM, w h i c h would r e l a t e to 40%, p l u s 
g r a in content. I n t h e shor t -season areas of E u r o p e , 30% or even 28% D M 
c o n t e n t might b e considered a reasonable m a t u r i t y target . Th i s target can b e 
real ized with a l ower grain c o n t e n t (i.e. less m a t u r e material) . 
I t is well documented t h a t the longer ma ize remains in the field, t h e 
m o r e subject i t is t o stalk lodging resulting f r o m sta lk cell senescence and s t a l k 
r o t s (Twumasi a n d Hunte r 1982). In addi t ion , maize grown u n d e r increasing 
s t ress has been demons t r a t ed t o be more p r o n e to lodging. Higher p l a n t i n g 
densi t ies result i n increased s t ress and, t h e r e f o r e , increased lodging suscep-
t ib i l i ty . Since m a i z e utilized f o r silage is h a r v e s t e d at b o t h an earlier d a t e 
a n d at an ear l ier s tage in deve lopmen t t h a n maize grown f o r grain p roduc -
t i o n , there is less oppor tun i ty f o r serious lodging . Counterac t ing this t e n d e n c y 
is increased s t a l k lodging r e su l t i ng from inc reased p lan t ing densities o f t e n 
associated w i th si lage maize p roduc t ion r e l a t i v e to grain ma ize p roduc t ion . 
T a k i n g these t w o fac tors in to account , it w o u l d appear to m e t h a t selection 
cr i ter ia utilized i n obtaining m a t e r i a l specif ical ly for silage ma ize p roduc t ion 
wil l not require t h e same select ion pressure t o obta in a sa t i s fac to ry level of 
s t a l k lodging re s i s t ance as w h e n maize is be ing selected for g ra in p roduc t ion . 
T h i s should he t h e si tuation, desp i t e increased p l a n t densities associated w i t h 
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maize for silage. However , I k n o w of no r e sea r ch t ha t clearly examines a n d 
suppo r t s the a b o v e content ion. 
Wi th the a b o v e background informat ion , i t is of alue t o hypothesize , in 
general terms, w h a t might c o n s t i t u t e a good si lage hybrid. T h e picture be ing 
p a i n t e d is by no m e a n s complete , b u t it does o f f e r a meaningful ske tch . A silage 
h y b r i d , at f i r s t glance, will p r o b a b l y not l ook noticeably d i f fe ren t f r o m a 
gra in hybr id . I t will probably p r o d u c e a single ea r on a single s ta lk . The gra in 
t o s tover rat io will be dicta ted m o r e by m a t u r i t y requi rements t h a n by y ie ld 
of qua l i ty . The gra in to stover r a t i o a t harvest w ill be in the o r d e r of 0.65 : 1.00 
or in very shor t -season areas even lower. The emphas i s need n o t be placed on 
maximiz ing gra in yield, but m o r e i m p o r t a n t l y will be place on high whole-
p l a n t DM yield. 
The emphas i s on m a t u r i t y of grain can b e less rigid for silage maize s ince 
t h e grain need n o t reach physiological m a t u r i t y prior to t h e end of the grow-
i n g season. In a d d i t i o n , less e m p h a s i s is r equ i red on selecting fo r stalk lodging 
res is tance and p l a n t barrenness . The reduced emphasis on s t a lk bar renness , 
lodging resis tance, grain m a t u r i t y and grain y ie ld should i m p r o v e progress in 
select ing for h igh whole-plant yield. This will be especially t r u e in sho r t -
season areas w h e r e selection f o r ma tu r i ty a n d stalk lodging resistance a r e 
m a j o r factors r e q u i r e d for h y b r i d s to he used fo r grain p roduc t ion . 
Selection fo r root lodging resistance a n d general p lan t hea l th mus t b e 
ma in t a ined or even increased w h e n selecting maize for si lage compared t o 
gra in product ion . T h e increased emphasis wou ld be related to increasing s t ress 
resul t ing f rom t h e increased p l a n t i n g densi t ies often used f o r silage ma ize 
p roduc t ion . 
To date , t h e portion of t h e picture dea l ing with q u a l i t y is not well 
ou t l ined . There is some evidence t ha t v a r i a t i o n exists for improved s t o v e r 
digest ibi l i ty, b u t ca re must be t a k e n not to s i m p l y confuse s t a lk digest ibi l i ty 
differences wi th m a t u r i t y di f ferences . As w i t h yield, it is whole-plant di-
gest ibi l i ty t h a t is impor t an t . T h e potent ia l f o r selecting for th i s t ra i t is n o t 
c lear . There are s o m e indicat ions t h a t selection fo r higher p r o t e i n levels wou ld 
b e possible. H o w e v e r , in t h e N o r t h Amer ican context , considerable e f f o r t 
expended upon selecting for h ighe r protein c o n t e n t is not w a r r a n t e d . 
Gra in versus s i lage 
In Canada , all maize h y b r i d s , cur ren t ly on the m a r k e t , were selected 
for grain yield t r a i t s only. I t wou ld be of v a l u e to de te rmine what level of 
va r i a t ion for s i lage pe r fo rmance t ra i t s exists wi th in these gra in hybrids a n d 
w h e t h e r or no t t h e i r grain y ie ld per formance predicts the i r meri t for si lage 
corn p roduc t ion . Trials (Va t t i konda and H u n t e r 1983) conduc ted at two loca-
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t ions over a two-year per iod, examined all hybr ids cur rent ly r e c o m m e n d e d 
for grain produc t ion in t h e areas i nvo lved . A tota l of 81 hybrids w e r e tested 
for t h e two-ye a r period. T h e range of va r i a t ion t h a t exis ted be tween hybr ids 
for whole -p lan t yield, m a t u r i t y and q u a l i t y was e x a m i n e d . In a d d i t i o n , the 
re la t ionship between whole-plant yie ld a n d qual i ty w h e n harves ted a t the 
correct s t age for silage p roduc t ion was compared w i th a hybrid 's p e r f o r m a n c e 
under a g ra in p roduc t ion scheme. 
T h e m a j o r conclusions f rom this s t u d y are: 
— There was a s ignif icant linear re la t ionsh ip be tween the p e r f o r m a n c e of 
hyb r id s for grain yield product ion a n d their yie ld for silage p roduc t ion . 
Howeve r , t h e coeff ic ients of de t e rmina t i on (0.23 a n d 0.25 for loca t ions one 
and two , respectively) were not l a rge enough to p e r m i t reliable select ion of 
hyb r id s for silage p roduc t ion nased on grain yield per formance . 
— Grain DM content p rov ided a s a t i s f ac to ry es t imate of whole-plant m a t u r i t y 
for silage product ion . The coeff icients of de t e rmina t ion between g ra in DM 
con ten t and whole-p lan t DM con ten t were 0.71 a n d 0.53 for loca t ions one 
and t w o , respect ively. 
— For whole-p lant yield, there was a t leas t as m u c h hybrid v a r i a t i o n on a 
re la t ive basis, and t w o times t h e h y b r i d var ia t ion on an absolute bas is as 
the re was for grain yield, in the g ra in yield c o m p o n e n t of the t r i a l s . 
— There was considerable variat ion b e t w e e n hybr ids for stover digest ib i l i ty 
and s tove r lignin c o n t e n t at the t i m e of harvest fo r silage p r o d u c t i o n , hut 
less va r i a t i on existed for protein c o n t e n t . 
— There was no s ignif icant re la t ionship between per cent grain in t h e silage 
and t h e digestibil i ty of the s tover componen t . I n addi t ion, t h e r e was no 
corre la t ion between whole-plant D M con ten t and whole-plant d igest ib i l i ty . 
This suggests t h a t it m a y be possible, given t h e reasonably n a r r o w range 
of ma tu r i t i e s examined , to obtain ma te r i a l with h igh forage q u a l i t y inde-
p e n d e n t of hybrid m a t u r i t y and g ra in content . 
— Whole -p lan t digest ibi l i ty was r e l a t ed to both t h e con ten t of g ra in in the 
silage and to the digest ibi l i ty of t h e s tover c o m p o n e n t . 
•— No s t r o n g re la t ionship existed b e t w e e n plant character is t ics such as plant 
he ight , s ta lk d i ame te r and res is tance to lodging a n d silage p e r f o r m a n c e 
p a r a m e t e r s such as whole-plant yie ld a n d qual i ty . 
In s u m m a r y , the f ind ings of t h i s s t u d y suppo r t t h e need for s epa ra t e 
evaluat ion t r ia ls for maize grown for whole -p lan t silage product ion as opposed 
to grain product ion . Large ly as a r e su l t of this research , the P r o v i n c e of 
Ontar io in i t i a t ed a silage hybrid m a i z e test ing p r o g r a m in 1984. Fac to r s 
eva lua ted include whole -p lan t yield, whole-plant m a t u r i t y and q u a l i t y as 
de te rmined b y in vitro d r y ma t t e r d iges t ib i l i ty and p r o t e i n content . 
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Breeding for silage hybrids 
T h e r e is very l i t t le reported in t h e l i terature on t h e results of ac tual 
selection schemes a imed a t selecting m a t e r i a l for silage per formance t r a i t s as 
opposed to grain t r a i t s . Research a t Gue lph is c u r r e n t l y underway w i t h the 
following object ives: 
— To de t e rmine the progress t ha t c a n be made w h e n selection is b a s e d on 
silage per formance pa rame te r s . 
— To de t e rmine if t h e germplasm selected for i m p r o v e d whole-p lant yield 
and /o r qual i ty is of grea ter u t i l i ty f o r silage p roduc t i on than corn selected 
for g ra in yield pe r fo rmance . 
— To de te rmine the changes in p l a n t character is t ics t h a t are associa ted with 
t h e selection of ge rmp la sm for who le -p l an t silage p roduc t ion . 
T h e selection scheme being e m p l o y e d involves S 4 , per se r e cu r r en t selec-
tion u t i l iz ing two popu la t ions . CG S y n A and Wigor. CG Syn A is a Guelph 
popu la t ion derived f r o m early den t germplasm f r o m North A m e r i c a and 
Wigor represen ts early f l i n t germplasm f r o m Europe. Selection in f ive sepa ra t e 
direct ions has been imposed in the s y n t h e t i c CG S y n A (Cycle 0). Selection 
was b a s e d on 
(1) h igh whole-plant yield per u n i t area of land, 
(2) h igh whole-plant in vitro d igest ibi l i ty , 
(3) low whole-plant in vitro d iges t ib i l i ty , 
(4) h igh yield on in vitro d igest ible dry m a t t e r pe r unit a rea of land, 
(5) h igh grain yield per unit of l a n d . 
F o r Wigor, selection is based on on ly two t ra i t s as follows: 
(1) h igh yield of in vitro d igest ible dry m a t t e r pe r unit area of land, 
(2) h igh grain yield per unit a r ea of land. 
T h e selections involv ing whole -p lan t yield and q u a l i t y (CG Syn A selec-
t ions 1, 2, 3 and 4 and Wigor selection 1) were based on S4 pe r fo rmance t rai ts 
uti l izing a product ion scheme for s i lage product ion. T h e selections f o r grain 
yield were based on t e s t s utilizing c u l t u r a l practices sui table for g r a in yield. 
To da te , two cycles of r ecu r ren t selection h a v e been comple t ed . The 
cycles a re compared in silage yield t r i a l s in 1984 and 1985 and in g r a in yield 
tr ials in 1985. Table 1 presen ts b o t h gra in and whole -p lan t yield i n f o r m a t i o n 
for t h e C0 , Ci, and Си popula t ions of Wigor when S x selection was b a s e d on 
grain yield or on whole-p lan t digest ible DM yield. T h e in fo rmat ion is pre-
l iminary b u t does p rov ide some ind i ca t i on of the e f f ec t of the two selection 
cri teria. Selection based on both grain yield per formance and yield of digestible 
DM resu l t ed in improved whole-plant yield pe r fo rmance in the s i lage trials 
and i m p r o v e d grain yield pe r fo rmance in the grain t r i a l s . However, f o r silage 
yield per formance , t h e mater ia l se lec ted for high y ie ld of digestible DM re-
sulted in higher silage yields than w h e n selection w a s based on g r a i n yield. 
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Table 1 
Whole-plant dry matter yield (tjha) and from separate trials, 
grain yield (t/ha) of the C0, Cj, and Сц populations of Wigor 
selected in an Sl per se recurrent selection program for high grain 
yield or high yield of digestible dry matter 
T y p e of 
Selection criteria 
Cycle 
evaluation 
Co Ci С ц 
Silage yield Grain yield 6 . 0 6 . 6 8 . 7 
Whole-plant digestible 
DM yield 6 . 0 8 . 3 1 0 . 2 
Grain yield Grain yield 2 . 2 2 . 7 3 . 5 
Whole-plant digestible 
DM yield 2 . 2 3 . 2 3 . 4 
Table 2 
Whole-plant DM yield (tjha) and from separate trials, grain 
yield (t/ha) of the C0, C\, and Сц populations of CG Syn A selected 
in an ,Sj per se recurrent selection program for high grain yield, 
high dry matter yield and high yield of digestible dry matter 
T y p e of 
Selection criteria 
Cycle 
evaluation 
Co CI CJI 
Silage yield Grain yield 9 . 9 1 0 . 3 1 0 . 1 
Whole-plant yield 9 . 9 1 0 . 4 1 0 . 7 
Whole-plant digestible 
DM yield 9 . 9 1 0 . 6 1 1 . 6 
Grain yield Grain yield 3 . 8 3 . 7 3 . 5 
Whole-plant yield 3 . 8 3 . 6 2 . 8 
Whole-plant digestible 
DM yield 3 . 8 4 . 2 3 . 6 
Table 3 
Whole-plant in vitro digestible dry matter per cent of the C0, Cj, 
and Сц populations of CG Syn A involved in an S1 per se 
recurrent selection program 
Selection criteria 
Co 
Cycle 
Ci 
С ц 
Grain yield 7 1 . 3 6 9 . 9 7 0 . 8 
Whole-plant DM yield 7 1 . 3 7 0 . 1 7 1 . 6 
Whole-plant digestible DM yield 7 1 . 3 7 0 . 7 7 1 . 3 
High digestibility 7 1 . 3 6 9 . 4 7 1 . 4 
Low digestibility 7 1 . 3 7 1 . 1 6 9 . 4 
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There was no a p p a r e n t d i f fe rence between t h e grain yield pe r fo rmance w h e n 
selection was b a s e d on grain y ie ld compared t o yield of digest ible DM. Howeve r , 
b o t h selection cr i ter ia resul ted in improved g ra in yields. 
For t h e popula t ion CG Syn A the s a m e comparisons as presented f o r 
Wigor in Tab le 1 are presented in Table 2. I n addition, d a t a for CG Syn A 
selected for whole-p lan t DM yield is also p r e s e n t e d . Selection for high whole-
p l a n t DM yield or for high y ie ld of digestible DM resulted in an increase of 
t h e popula t ion per formance level for whole -p lan t DM (silage) yield. Howeve r , 
when selection was based on gra in yield, t h e increase in whole-p lan t yield w a s 
n o t appa ren t . T h e grain yield per formance d a t a appeared a slightly e r r a t i c , 
w i t h no ind ica t ion t ha t grain yield p e r f o r m a n c e of the popu la t ion was in -
creased, even w h e n the select ion criteria used was the increased grain y ie ld . 
Tab le 3 presen ts t h e 1984 (1985 da ta not y e t available) in vitro digest ibi l i ty 
d a t a for the CG Syn A popu la t ion . Selection f o r either high or low whole-p lan t 
digestibil i ty was no t successful in increasing or decreasing digestibi l i ty. 
In s u m m a r y , this p re l iminary i n f o r m a t i o n lead to t h e following con-
clusions: 
— Selection of S x lines based on whole-plant yield in si lage trials is m o r e 
effective in increasing whole-p lan t DM yie ld t h a n selection of S3 lines b a s e d 
on selection fo r grain yield in grain yield t r i a l s . 
— There a p p e a r s to be l imited prospects of se lec t ing for d i f ferences in per c e n t 
whole-plant digestibil i ty. 
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Preliminaries 
At Mosonmagyaróvár Univers i ty s tud ies on the su i t ab i l i ty of p o p u l a -
t ions for m a c h i n e milking h a v e been in p rogress ever since t h e pract ice of 
mach ine milking was in t roduced . 
The ecological and technological fac tors ac t ing on mi lk ing have a g r e a t 
inf luence on t h e q u a n t i t y and qua l i t y of the mi lk and on t h e hea l th condi t ion 
of t h e udder in t h e given genet ic stocks. All t h e s e factors a f fec t the p roduc t ive 
per iod of t h e h e r d , i.e. t he n u m b e r of l a c t a t i ons , as well as the n u m b e r 
of calves. 
There are severa l critical po in t s in mi lk ing operat ions; examina t ions w e r e 
m a d e on t h e p r e p a r a t i o n of t h e udder for mi lk ing , the re la t ionship be tween 
oxytoc in mobi l iza t ion and t h e milking t echno logy , the main phase of mi lk ing 
a n d the fac tors ac t ing on mechanica l pos t -mi lk ing , taking mi lk hygiene i n t o 
considerat ion. 
The aim w a s to develop a milking t e c h n o l o g y adap ted to the biological 
character is t ics of t h e cow and leading to e f f i c ien t milking low labour d e m a n d s 
and a reduction in t h e number of work phases f o r which the mi lker is responsible. 
The ob jec t ive thus def ined can only be a t t a i n e d if t h e fu l l milking p ro -
cess is comple ted , i.e. pos t -milking must be a u t o m a t e d if i t is t o be ef f ic ient . 
Pa r t of t h e s t u d y on t h e milking process involved and examina t ion of 
t h e impor tance of post-milking and ways of car ry ing it ou t . An i n s t r u m e n t 
was const ructed t o register a n d d iag rammat i ca l ly depict t h e phases of mi lk-
ing (giving t h e chronological o rde r and q u a n t i t y of milk), t h e occurrence a n d 
du ra t ion of idle milking and n a t u r a l l y the d u r a t i o n and resu l t of mechanica l 
post-milking. T h e in s t rumen t was described in earlier publ ica t ions (Sza jkó 
1967, 1980, 1983); therefore, o n l y results r e l a t ed to post -milking are s u m m e d 
u p here. 
* Lecture held a t a meeting the 17. Wiss. Jahres tagung 12 February 1986 Karl Marx 
Universität, Leipzig (DDR). 
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Literary survey 
V a r i o u s a u t h o r s ( C l o u g h 1964, B o u g l e r a n d L a b o u s s i e r e 1971, R u d o w s k y 
e t a l . 1 9 7 7 ) r e p o r t e d o n a 2 - 1 8 % loss o f m i l k a n d a 5 % loss of h u t t e r f a t d u e 
t o t h e o m i s s i o n of p o s t - i n i l k i n g . S z a j k ó a n d K e l e m e n (1980) p o i n t e d o u t a 
4 - 1 0 % d e c r e a s e in m i l k p r o d u c t i o n . M b o d j (1984) e s t a b l i s h e d t h e r e s u l t of 
p o s t - m i l k i n g a s 4 7 1 - 6 1 9 g . 
O t h e r s ( C h i l k e v i c h 1 9 6 8 , B r a n d s m a n n 1973, D a r r a g o u x 1974) d i d n o t 
f i n d a n y l o s s w h e n p o s t - m i l k i n g w a s n o t c a r r i e d o u t . 
I n a g r e e m e n t w i t h e x p e r t s f r o m K a r l M a r x U n i v e r s i t y , L e i p z i g , i m p o r -
t a n c e w a s a t t a c h e d t o a c l a r i f i c a t i o n o f t h e r e a s o n s f o r t h e s e c o n f l i c t i n g v i e w s . 
M a t e r i a l a n d m e t h o d s 
The milking experiments were carried ou t on state and cooperative farms, f irst in 
dairy herds consisting of 100-400 cows and la ter in herds with over a thousand cows. The 
investigations were partly model experiments and partly surveys. The populations examined 
before 1970, were of the Hungarian Simmenthal breed, while Holstein-Friesian or Hun-
garian Simmenthai X Holstein Friesian cows were examined in later years. The Hungarian 
Simmenthal cows examined cows originally milked into in s tands in cow-sheds, while cows 
containing Friesian blood were milked on a cross type milking platform. 
At the beginning of the investigations a survey was made in each case of t he milking 
technologies applied on the respective farms. Operational errors were spotted and eliminated 
and a satisfactors milking technology was introduced before s tar t ing the experiment. 
Only milkers who precisely carried out t he prescribed milking operations took par t in 
the experiments. 
Objective 
The developed milking techniques applied up to 1985 had to he reviewed t a k e n into 
consideration the physiological characteristics of cows. To this end every element of the 
process was examined including the applicability of mechanical post-milking and the effect 
of omitting it . 
The aim was to elaborate and automatic machine which would solve the problem of 
post-milking, an operation carried out with great difficulty by milkers. 
The factors examined 
Within the framework of the experiment the work of a to ta l of 24 milkers on various 
farms was observed. The factors influencing post-milking were: 
— the method and duration of preparation, and the duration and result (expressed in terms 
of milk) of post-milking, 
— changes in the length of idle milking t ime between the completion of the main phase of 
milking and the beginning of post-milking, 
— the durat ion of idle milking after post-milking, 
— the milk yielded by post-milking, or the loss subtained if it was not carried out , 
— the automat ion of post-milking. 
Acta Agronomica Hungarica 37, 1988 
E F F E C T OF POST-MILKING ON MILK Y I E L D A N D MAMMARY H Y G I E N E 1 5 7 
Results 
Correlations between preparation and mechanical post-milking 
Prepa ra t ion was found to have a g rea t influence on t h e main p h a s e of 
milking. P a r t i c u l a r l y character is t ic was t h e e f fec t of a one -minu te t h o r o u g h 
p repara t ion on t h e beginning of milking, i .e . on the d u r a t i o n of the i n i t i a l 
idle milking pe r iod . Here, too , differences w e r e found be tween the g en o ty p es ; 
t h e da ta suggest t h a t for specialized dairy cows a shorter, 35—45-second p r e p -
a ra t ion is su f f i c i en t for the e jec t ion of the m i l k , and for t h e s e cows i n t e n s i v e 
massage is not requi red e i the r . The q u a n t i t y of milk o b t a i n e d in the m a i n 
phase of mi lk ing depended on the p r epa ra t i on and in f luenced the resu l t of 
mechanical pos t -mi lk ing. 
The q u a n t i t y of milk ob t a ined by mechan ica l pos t -mi lk ing was s m a l l e r 
when the p r e p a r a t i o n was o p t i m u m for t h e genotype, because in this case a 
larger p ropor t ion of the milk was ejected in t h e main phase of milking. 
When t h e milking a p p a r a t u s was a t t a c h e d to the u d d e r wi th hard ly a n y 
prepara t ion excep t for pre-milking, the ma in phase of mi lk ing was p r o t r a c t e d 
and the q u a n t i t y of milk ob t a ined was smal ler , while the i m p o r t a n c e and m i l k 
yield of pos t -mi lk ing increased. 
The q u a n t i t y of milk ob ta ined by pos t -mi lk ing increased cons iderab ly 
when the p r e p a r a t i o n was n o t sa t is factory, or when the t i m e from p r e p a r a -
t ion to the app l ica t ion of t h e milking a p p a r a t u s was longer t h a n 100 seconds . 
In s u m m a r y it can be established t h a t t h e dura t ion and in tens i ty of 
p repara t ion h a v e an indirect effect on t h e r e su l t of mechanica l pos t -mi lk ing 
due to their in f luence on t h e q u a n t i t y of m i l k obtained in t h e main p h a s e of 
milking. An i m p r o v e m e n t in t h e p repara t ion also led to an increase in t h e 
t o t a l amount of milk ob ta ined though t h e differences were no t s ign i f i can t . 
As a resul t of intensive p repara t ion t h e du ra t i on of post -milking b e c o m e s 
shor te r and t h e q u a n t i t y of mi lk it yields decreases . 
If p r e p a r a t i o n is unsa t i s fac tory , pos t -mi lk ing has an i m p o r t a n t comple -
m e n t a r y role f r o m the point of view of milk y ie ld . 
The l eng th of idle mi lk ing t ime d e p e n d e d in both cases on how t h e 
milking t echno logy was pu t i n t o effect, a n d was an i m p o r t a n t factor in t h e 
occurrence of mas t i t i s . 
More t h a n 50 seconds of idle milking b e f o r e or af ter post-milking l ias a 
deleterious e f fec t on the h e a l t h of the u d d e r . This always occurs when t h e 
milker is occupied wi th other cows and is u n a b l e to return in t ime to c o m p l e t e 
milking. 
When us ing machines wh ich au tomat i ca l ly switch over t o a lower v a c u u m 
a f t e r the main p h a s e of milking, the number of masti t is cases did not decrease , 
h u t even increased in some f a r m s . According t o the invest igat ions, the r e a s o n 
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for this is t h e milkers ' " f a i t h " in a u t o m a t i c machinery . T h e y do not t h i n k it 
is urgent t o r e t u r n to cows wai t ing for pos t -mi lk ing . 
Idle mi lk ing following mechanical post -milking is also very h a r m f u l . 
This occurs w h e n the mi lker recommences milking bu t does not comple te post-
milking b e f o r e turn ing to a n o t h e r cow. 
The t i m e between t h e main phase of milking and t h e beginning of post-
milking for var ious milkers and different milking sessions ranged f r o m 11 to 
187 seconds. 
W h e n several mi lkings of the s a m e cow were examined , the g rea t e s t 
difference in t h e t ime w h i c h passed b e f o r e the milker re turned was 17 and 
187 seconds. 
The a v e r a g e t ime of idle milking d u r i n g pos t -mi lk ing ranged b e t w e e n 
75 and 105 seconds per cow. 
These d a t a show t h a t no re la t ionsh ip could be observed b e t w e e n the 
manner of post -milking a n d the milkers ' famil iar i ty w i t h the mi lk ing tech-
nology o u t ; chance prevai led in the cases examined . 
All in all , post -milking should not b e ent rus ted to milkers , hu t a u t o m a t i c 
machines w h i c h insert a pause do n o t endure t h a t i t is properly carr ied 
out either. 
Pos t -mi lk ing , the l a s t phase of mi lk ing , must be au tomat ized , t a k i n g 
into cons idera t ion the physiological charac ter i s t ics . 
Effect of idle milking after post-milking 
Milkers who have s t a r t e d pos t -mi lk ing in one mi lk ing platform a r e o f ten 
compelled t o re tu rn to a n o t h e r cow. T h e r e f o r e , it f r e q u e n t l y happens t h a t the 
milking m a c h i n e cont inues t o operate a f t e r post-milking has ended. 
Cases w h e n idle mi lk ing lasted longer t h a n 100 seconds occurred w i t h an 
average f r e q u e n c y of 3 2 % . 
Idle mi lk ing h a r m f u l t o the hea l th of the udder m u s t be e l imina ted by 
au toma t i za t i on based on n e w principles. 
Effect of omitting post-milking 
Owing t o the di f f icul t ies encounte red in carrying ou t mechanical post-
milking, t h e obvious so lu t ion seemed to b e to omit th i s operation. A t t e m p t s 
were m a d e t o give theore t ica l support t o t h i s simplified milking t echno logy . 
One of t h e reasons g iven was t h a t t h e amount of mi lk obtained b y post-
milking cou ld he ex t r ac t ed at the n e x t milking, and t h a t the cows would 
become accus tomed to th i s s i tuat ion. 
The omission of post -milking is h a r m f u l in m a n y respects; s ince the 
udder is n o t empt ied , an ant i lactogenic e f fec t is p roduced and t h e r e d u c e d 
oxytocin mobi l iza t ion leads t o a decrease in t h e effect of prolactin. 
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Accord ing to the c u r r e n t inves t iga t ions , even w i th an adequate mi lk ing 
technology t h e quan t i t y of milk p roduced was smaller w i thou t pos t -mi lk ing , 
so the l a c t a t i on result decreased. 
Since t h e milk which was not r e m o v e d of the end of milking had a h igher 
b u t t e r f a t c o n t e n t , there w a s a loss in b u t t e r f a t . 
E x p e r i m e n t s on post -milking s t a r t i n g immedia te ly a f t e r the m a i n phase 
of milking were carried o u t wi th 6 mi lke r s and 320 cows. The result w a s an 
average 7 . 1 % milk surplus . Twenty per c e n t of the s t o c k examined g a v e an 
average mi lk surplus of 1 7 % . The b u t t e r f a t surplus a v e r a g e d 12.5% d u e t o the 
higher f a t percentage . 
I t can t h u s be es tabl i shed tha t t h e omission of post -milking h a s a dele-
terious e f fec t ; on the o the r h a n d , when i t is carried out , idle milking p r eced ing 
and fol lowing it may endange r the hea l th of the udder . 
An a u t o m a t has been elaborated w h i c h pulls t h e udde r several t i m e s a 
few seconds a f t e r the m a i n phase of mi lk ing and con t inues milking; then 
once the u d d e r is emp ty , it removes t h e milking a p p a r a t u s . This m e t h o d is 
called "s ingle-course" mi lk ing . The resu l t s a re shown in Fig. 1. 
Sing le-course milking 
with immediate post-milking 
Preparation 
VA4- Idle milking 
EEüc Main phase of milking 
• H i Milking interval, idle milking 
1ÜÍÜ-- Mechanical pos t -m i l k i ng 
Total : 451 sec 573 sec 
Milking w i t h a pause 
Fig. 1. Results of two au toma ted milking methods 
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A c o m p a r i s o n b e t w e e n m e c h a n i c a l m i l k i n g w i t h t h e i n s e r t i o n of a p a u s e 
a n d " s i n g l e - c o u r s e " a u t o m a t e d m i l k i n g s h o w e d t h a t c o w s f r o m t h e l a t t e r 
g r o u p s p e n t 1 8 . 8 — 3 5 . 1 % less t i m e on t h e m i l k i n g p l a t f o r m , w h i c h m e a n s t h a t 
t h e c a p a c i t y o f t h e m i l k i n g u n i t c a n be u n c r e a s e d b y 1 0 - 2 0 % a n d t h e w a g e b i l l 
d e c r e a s e d . 
" S i n g l e - c o u r s e " m i l k i n g i n a r e d u c e d t i m e w i t h a u t o m a t e d p o s t - m i l k i n g 
s p a r e s t h e u d d e r , w i t h a c o n s e q u e n t r e d u c t i o n in t h e e x o g e n o u s f a c t o r s t h a t 
m a k e t h e c o w s s u s c e p t i b l e t o m a s t i t i s . 
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ESTABLISHMENT OF SYNTHETIC FEMALE 
SHEEP LINES IN HUNGARY* 
L . V E R E S S 
U N I V E R S I T Y O F A G R I C U L T U R A L S C I E N C E , D E B R E C E N , H U N G A R Y 
(Received: 5 September 1986) 
Review of the Literature 
Since t h e 1960s researcher have shown ever-increasing i n t e r e s t in 
prolific b reeds . In 1962, researchers in E d i n b u r g h b o u g h t Finnish s h e e p and 
b y 1976 F i n n i s h types were already be ing bred , or b reed ing was beg inn ing , 
in t h i r t y coun t r i es (Maijala a n d Österberg 1977). The f i r s t impor t of R o m a n o v s 
into France w a s ini t ia ted b y Poly in 1963 (Ricordeau e t al. 1976). F a t e r , in 
1969 the in i t i a t ion of cross-breeding e x p e r i m e n t s was witnessed in H u n g a r y 
(Veress and Stósz 1975) a n d f r o m 1971 in Czechoslovakia ( Jakubec and K r i z e k 
1975). These were followed b y a wide r a n g e of work d o n e in Spain ( E s p e j o 
Diaz et al. 1976, Walls Or t iz et al. 1976). 
A t h o r o u g h theore t ica l jus t i f ica t ion of t h e expected biological a n d eco-
nomic a d v a n t a g e s of cross-breeding was provided by Dickerson (1970). T h e 
expected biological increase does not, h o w e v e r , always p r o v e to bet t h e be s t 
f rom an economic point of view. The in te r sec t ion of t h e s e two fac tors gives 
the most a d v a n t a g e o u s s i tua t ion . This w a s f i r s t de te rmined by Moay (1966) 
and was called " p r o f i t he te ros i s" . 
Compar i sons of the F inn i sh and R o m a n o v breeds b o t h of which a r e n o w 
well known were conduc ted s imul taneous ly b y J a k u b e c and Krizek (1975) 
and Veress a n d Stócz (1975). These s tud ies showed t h a t t h e R o m a n o v t y p e 
became acc l imat ized b e t t e r t h a t the F i n n i s h . I t s pe r fo rmance was even b e t t e r 
t h a n it h a d been in i ts n a t i v e te r r i to ry . These results were conf i rmed a t a 
na t iona l conference in F r a n c e in 1975 ( B r u n e i et al. 1975, Ricordeau e t al. 
1976). In spec t ion of the m e a t quali ty of t h e lambs p roduced by b r e e d i n g 
prolific lines showed t h a t t h e amount of abdomina l sue t increased a n d t h e r e 
was a big d r o p in qual i ty (N i t t e r 1975, J a k u b e c 1977). 
A few examples of t h e synthet ic crossing of t h e t w o breeds wi l l be 
presented he re wi thout g iv ing and e x h a u s t i v e account . T h e deve lopment of a 
so-called " A B R O female l i ne" , in which t h e researchers t r ied to a c h i e v e a 
mixture of t h e good qual i t ies of four b r e e d s using the following p r o p o r t i o n s : 
* Lecture held at the 37th "Annual Meeting of the European Association for Animal 
Production", 1 - 6 September 1986. Rudapest, Hunga ry . 
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4 7 % Finnish, 2 4 % Eas t -Fr ies ian , 17% B o r d e r Leicester a n d 12% D o r s e t h o r n , 
was repor ted f r o m E d i n b u r g h (Smith e t a l . 1970). Owen (1976) col lected a 
number of p ro l i f i c ewes f r o m various b r e e d s and incorpora ted a 25% p r o p o r -
t ion of F inn i sh blood into t h i s nucleus p o p u l a t i o n . This b r e e d has since s p r e a d 
rapidly t h r o u g h o u t England a n d Ireland. E x p e r i m e n t s on t h e crossing of t h e 
Gallway a n d F inn i sh breeds a n d the r e s u l t a n t new breed were described b y 
H a n r a h a n (1974) . In a s imilar way , the I N R A female line w a s developed f r o m 
5 0 % Ber r ichon d u cher a n d 5 0 % R o m a n o v blood (Tchami tch ian et al. 1978) . 
This breed is sui table for m o d e r n sheep r a i s ing for s l augh te r or for f u r t h e r 
breeding. 
Results in Hungary: Tetra Line Improvement and Crossing 
In 1969 R . Bürgert , t h e general d i r e c t o r of the Agr icu l tura l Complex in 
Bábolna, p u r c h a s e d t w e n t y di f ferent b r e e d s of sheep w i t h the i n t en t i on of 
developing a prolific breed su i t ab le for use i n modern f a r m i n g s i tuat ions . T h e 
so-called " T E T R A female l i n e " was deve loped from t w e n t y thousand Mer ino 
ewes which w e r e pre-tested R o m a n o v s f r o m t h r e e lines and t w o Finnish of l ines . 
Important characteristics of the new breed 
Females Males 
Mature body mass (kg) 55-- 65 70-- 80 
Wool production wi th twice-yearly 
shearing (kg) 3-- 4 4-- 5 
Lambing rate (%) 200 
Number of lambs per year per ewe 3-- 3.5 
Lambs Daily weight gain of up 
till weaning (g) 
up to day 49 250--270 280--300 
day 50-120 200--220 260--280 
day 121-300 100--120 120--150 
This is a h a r d y animal w i t h fine w h i t e wool and its f l eece contains s o m e 
over-hair; t h a t is to say, t h e wool qual i ty if carpet . The an imals can h e b r e d 
a t 9-10 m o n t h s and will p r o d u c e offspring f o r 6 - 7 years; 20—23 young c a n b e 
produced in 10—11 lambings . T h e type, w h i c h consists of a b o u t t w e n t y t h o u -
sand ewes, possesses o u t s t a n d i n g breeding proper t ies ; i t will ma te y e a r - r o u n d 
is with l amb a g a i n soon a f t e r weaning and g ives more t h a n a m p l e milk. I n o r d e r 
t o achieve t h e s e character is t ics the neces sa ry energy, p ro t e in , minerals a n d 
vi tamins h a v e t o be p rov ided , especially d u r i n g critical per iods , i.e. whi le t h e 
ewes are in h e a t , during e a r l y and late p r e g n a n c y , and du r ing the s u c k l i n g 
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Romanov 46.85 % 
Finnish Landrace 43.75 % 
Hungarian Merino 9.40 % 
Fig. 1. The scheme of te t ra synthetic dame line produced by the Agricultural Complex, 
Bábolna 
period. Th i s was shown in detail b y Robinson et a l . (1983). The Bábo lna 
Agr icul tura l Complex also has a male l i ne of the He de France breed . F x ewes 
in hea t can be used for b reed ing as neces sa ry and can b e used with t h e prolif ic 
rapidly growing T E T R A - S u f f o l k as t h e t e rmina l p a r t n e r t o give h igh qua l i ty 
p roduc t ion . 
Prolific Merino 
T h e offspr ing of severa l F j s tocks of Hungar i an Merino ewes b r e d with 
R o m a n o v r a m s were e x a m i n e d . The " A " breeding p r o g r a m m e took p lace at 
wha t could b e considered as an average cooperat ive f a r m ou the G r e a t Hun-
garian P l a i n ; t h e " B " p r o g r a m m e was ca r r ied out on a s t a t e farm in t h e Ger-
man D e m o c r a t i c Repub l i c ; and the " C " breeding p r o g r a m m e took p l a c e on a 
s ta te sheep-breeding f a r m (Table 1). T h e difference in t h e lambing r a t e s can 
he a t t r i b u t e d , a t least i n p a r t , to t h e f a c t t h a t in t h e German s t u d y all off-
spring b o r n alive were coun ted , whereas in the H u n g a r i a n studies o n l y lambs 
t h a t l ived fo r more t h a n for ty-eight h o u r s were i nc luded . In the " C " pro-
gramme, t h e ewes were m a t e d only once a year, h u t in the " A " a n d " B " 
p rogrammes ma t ing t o o k place more o f t e n . Thus, t h e genetically p ro l i f i c char-
acteristics of t h e R o m a n o v were not a l w a y s utilized. 
T h e h igh r ep roduc t ive ability of t h e ewes led t o an a t t e m p t t o use a 
reduced p ropor t ion of R o m a n o v blood f o r t h e ach ievement of a Mer ino hav ing 
the r ep roduc t ive character is t ics of t h e R o m a n o v b u t w i th fine wool . Unlike 
the usua l b reed ing p rac t i ce in H u n g a r y , selection was carr ied out n o t f o r meat 
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Tabic 1 
Performance data for Romanov X Hungarian Merino I'\ eu es 
in different stocks 
Number Lambs Lambings Prolificacy L a m b s born 
Stocks
 0 f e w e s Lambings b o r n e w e / y e a r rate ewe/year 
A 437 539 779 1.233 144.5 1.782 
1975 В — — — — — — 
С 132 85 128 0.644 150.6 0.969 
A 430 407 640 0.947 157.2 1.488 
1976 В 47 36 67 0.766 186.1 1.425 
С 102 77 127 0.755 164.9 1.245 
A 371 510 907 1.375 177.8 1.375 
1977 В 39 66 162 1.692 245.5 4.154 
С 59 46 72 0.779 156.5 1.220 
А 
308 323 613 1.049 189.8 1.990 
1978 В 33 28 70 0.848 250.0 2.121 
С 
45 40 66 0.889 165.0 1.466 
А 259 337 616 1.301 182.8 2.378 
1979 В 29 50 131 1.724 262.0 4.517 
С 
105 71 124 0.676 174.6 1.181 
А 1805 2116 3555 1.172 168.0 1.969 
1975/79 В 148 180 430 1.216 238.9 2.905 
С 443 319 517 0.720 162.0 1.167 
F X , or X 2396 2615 4502 1.091 172.2 1.181 
A = Hungarian Cooperative Farm; В = State Farín in Germany; С = Central Testing Stat ion 
a n d wool p r o d u c t i o n , but fo r reproduc t ive c a p a c i t y (Veress 1980). The n e w 
b reed will be ca l l ed Prolific Mer ino. The s c h e m e of the b r eed in g process in 
presented in F i g . 2. The f i rs t t e s t for 1% ewe popula t ion t y p i n g took place a t 
t h e site of b r e e d i n g p rog ramme " C " . As a con t ro l , middle-aged Merino ewes 
were used w h i c h h a d lambed t w i n s for t h r ee consecutive y e a r s . The Pro l i f i c 
D a m e line Hungar ian Merino Commodity crossing 
Selection for Merino 
fleece 
30-50% 
20-40% 
10-15% 
Mutton type 
Fattening lambs 
Fig. 2. Breeding scheme of prolific merino a n d its commodity crossing 
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Table 2 
Performance data for Hungarian Merino (HM) and Prolific Merino (PM) ewes 
(Stock C) 
Years Genotype n 
Number 
of 
lambings 
Lambs 
born 
Lambs 
weaned 
Lambings 
ewe/year 
Fecundity 
rate 
L a m b s b o r n Lambs 
ewe/year weaned ewe/ 
year 
1979 HM 286 219 310 263 0.766 141.6 1.084 0.919 
PM 98 72 111 96 0.735 154.2 1.133 0.979 
1980 HM 199 182 283 250 0.915 155.5 1.422 1.256 
PM 71 68 104 96 0.958 153.0 1.465 1.352 
H X or X HM 485 401 593 513 0.827 147.9 1.223 1.058 
PM 169 140 215 192 0.828 153.6 1.272 1.136 
+ 0.001 4 -5 .7 4-0.049 4-0.078 
Table 3 
Performance data for Merino and Prolific Merino first-gravid 
eives used in a grass utilization experiment 
(Stock D in year 1975) 
HM P M Index 
Number of ewes 58 58 
Number of lambings 67 107 159 
Lambs born 71 145 204 
Lambs weaned 66 117 177 
Lambings ewe/year 1155 1844 160 
Prolificacy r a t e 105.9 135.5 128 
Lambs born ewe/year 1224 2500 204 
Lambs weaned ewe/year 1138 2017 177 
Table 4 
Performance data for Merino and Prolific Merino ewes 
(Stock E in years 1981-1985) 
IIM MM PM 
HM/PM, 
% 
Number of ewes on 1 January 
1981, n 907 670 126 — 
Selection rate/year, % 27.6 23.6 18.6 — 
Hogget reproduction rate , % 26.0 11.4 18.0 — 
Fertility rate, % 86.2 56.6 96.7 4-12 
Barrennes rate, % 22.42 23.00 19.97 — 11 
Prolificacy rate, % 153.7 135.9 155.1 4- 1 
Lambs born/year/ewe, No. 1.32 0.77 1.50 4-13.6 
F we live mass, kg 56.0 59.0 50.0 - 1 0 . 0 
Ewe fleece mass, kg 5.73 5.87 4.58 — 20.0 
Relative fleece production,* % 10.23 9.95 9.07 — 1 1 . 0 
* Fleece mass X 110 : live mass 
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Table 5 
Performance data for Hungarian Merino and Prolific Merino lambs 
from birth to weanaing 
(Stock С in year 1979-80) 
Birth mass/kg Suckling Average daily mass 
gain/g 
n X 
in days 
n X Index 
Male single PM 61 4.66 72 283 211 100 
HM 30 3.72 82 55 238 113 
Female single PM 67 4.41 102 704 198 100 
HM 42 3.80 78 80 217 110 
Male twins PM 119 3.89 74 210 171 100 
HM 86 3.05 83 300 219 128 
Female twins PM 110 3.78 93 420 180 100 
HM 76 3.10 85 249 192 107 
Merinos in the s a m e herds were f i r s t - or second-gravid ewes (Table 2). The 
r e s u l t s show t h a t t h e tested a n i m a l s were s l igh t ly more pro l i f ic than t h e 
con t ro l s , bu t in all t h r e e stocks t h e resu l t s were h ighe r than the n a t i o n a l average. 
A t t h e exper imenta l grounds of o u r Universi ty , Hunga r i an Mer inos and Pro-
l i f ic Merinos of t h e same age were b r e d more t h a n once per y e a r . Under these 
b e t t e r biological condi t ions, t h e improved genet ic make-up of t h e breed was 
b e t t e r revealed (Tab le 3). F r o m t h e typing- tes t s ta t ion t h e s t o c k of Prolific 
Mer ino was t a k e n t o a s ta te f a r m , where t h e resul t s f rom f i v e consecutive 
y e a r s tvere c o m p a r e d with those of a mea t -p roduc ing stock f r o m the German 
D e m o c r a t i c Repub l i c (Table 4) . I n the given env i ronment t h e Hungar i an 
Mer ino per formed bes t , as the cond i t i ons were m u c h worse t h a n those required 
Table 6 
Performance data 
Genotype Hungarian merino Prolific merino 
Year 1977* 1977** 
Sex mule female male female 
Number of lambs, n 782 45 15 15 
Age at beginning of fat tening, day 71 77 62 68 
Average body mass a t s tart of fattening, kg 19.6 20.2 16.4 16.5 
Fat tening days, day 60 61 59 59 
Average body mass a t end of fattening, kg 36.4 33.4 33.7 28.7 
Average daily mass gain, g 281 200 294 207 
Average daily concentrate intake, kg 1.19 1.12 1.11 0.91 
Feed conversion rate, kg/kg 4.22 5.60 3.78 4.04 
Slaughtering, % 46.1 51.5 47.4 47.4 
* Central Fat tening Station 
** in Stock A 
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Fig. 3. Distribution of f iber diameter (FD) in the wool of two merino types 
b y ei ther t h e breeding or t h e mea t -p roduc ing stock. I t was appa ren t , h o w e v e r , 
t h a t t h e fe r t i l i ty r a t e of t h e breeding s t o c k is much h igher . 
I n s tock breeding " C " t h e mass gaine of Hunga r i an Merino and Pro l i f i c 
Merino l a m b s dur ing suckl ing were c o m p a r e d for t w o consecutive y e a r s 
(Table 5). T h e mass increase for Prol i f ic Merino l ambs was 7 - 2 8 % h ighe r , 
ind ica t ing t h a t t h e Prol i f ic ewes gives m o r e milk. W h e n compar ing t h e r a t e 
of f a t t e n i n g a f t e r weaning, t h e breeding s t o c k did at leas t as well as t h e H u n -
garian Merinos (Table 6). Gives early w e a n i n g and qu ick fa t ten ing , t h e ewe 
lambs a n d y o u n g a t + age of 100 d a y s or 125 days , respect ively. T h i s is 
due to an increase in the sue t content . Samples of the m e a t of Prolific Mer ino 
showed a h igher p igment c o n t e n t t han t h a t of Hungar ian Mer inos (Veress 1985). 
for fattening lambs 
Prolific merino Hungarian merino Prolific merino 
1979** 1980*** 1980*** 1980/81***» 
male female male female male female male female 
21 26 33 45 36 40 30 30 
70 68 73 78 70 71 52 48 
17.5 16.8 17.8 18.9 17.8 16.7 15.9 15.4 
60 60 59 54 61 61 78 78 
35.6 29.5 35.9 31.2 33.8 28.5 39.2 32.1 
302 212 307 227 265 194 258 196 
1.13 0.98 1.20 1.19 1.25 1.10 1.22 
3.75 4.28 3.91 5.23 4.76 5.68 4.76 4 .9 ; 
— — — — — — 
49.8 49.2 
*** in Stock С 
**** in Stock D 
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Fig. 4. Distribution of s taple length (SI) 
The d i s t r ibu t ion of l a m b s f rom the R 3 cons t ruc t ion is shown in Fig . 3. 
T h e f r equency of crossbred qua l i ty wool i n t h e Prolific Merino was 3 1 . 2 % . 
Considering t h e length of t h e fleece, howeve r , the incorpora t ion of R o m a n o v 
blood into t h e l ine was d e f i n i t e l y advan t ageous , as an a v e r a g e length of e igh t -
cent imetres w a s found twice as often as in t h e controls (F ig . 4). 
J-AKI-1 and J-AKI-2 dam lines 
Mihálka e t al. (1983) s t a r t e d indirect 3- and 4-race crosses, where H u n -
garian Merino ewes were f i r s t crossed wi th Swedish L a n d r a c e rams, a f te r w h i c h 
t h e FjS were crossed wi th F i n n i s h Landrace r a m s (Fig. 5). B o t h the F 3 H u n -
J-AKI - 1 J - A K I - 2 
HM Swedish Landrace 
• cr 
S u f f o l k 
cr 
cr 
Crossing for mut ton 
A Swedish Landrace 
• cr 
ïnnish Landrace 
Suffo lk 
Crossing for mutton 
Fig. 5. Breeding scheme for commodity crossing 
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Table 7 
Performance data for J-AKI crossbred ewes 
Genotype n Lambings/year 
Lambs 
born ewe/year 
Lambs 
weaned ewe/year 
Hungarian Merino 207 0.80 1.09 0.93 
J -AKI-1 170 0.96 1.66 1.30 
J-AKI-2 64 1.08 1.69 1.32 
Table 8 
Performance data for J-AKI crossbred lambs from birth to the end of fattening 
Genotype Sex ns 
Daily mass 
gain to 120 days Slaughter-
ing. % 
B o n y 
m u t t o n / d a y 
g % g % 
Hungarian Merino male 166 240.1 100 44.63 122.1 100 
J-AKI-1 dam line male 82 201.9 84 48.08*** 94.1 77 
J-AKI-2 dam line male 63 240.2 100 44.58 ns 120.8 99 
J-AKI-1 dam line X Suffolk male 83 265.6 111 50.11*** 148.4 121 
J-AKI-1 dam line X Suffolk female 82 256.4 107 50.08*** 132.2 108 
J-AKI-2 dam line X Suffolk male 18 253.0 105 50.80*** 135.8 111 
J-AKI-2 dam line X Suffolk female 17 215 89 51.00*** 127.0 104 
ns = not significant 
*** = P < 0.1% 
garian Merino ewes t h a t were mated w i t h Swedish L a n d r a c e rams a n d their 
F 2 d augh t e r s , sired b y Swedish L a n d r a c e rams, could he used as t e r m i n a l 
pa r tne rs in crosses wi th Suf fo lk rams. 
T h e greasy fleece weigh t of F 4 ewes decreased b y 0.7 kg and t h e i r f ibre 
d iameter de ter iora ted b y l ' s , hu t their f e r t i l i t y rates a n d reproduct ive abil i t ies 
improved considerably (Table 7). A l t h o u g h the m u t t o n yield of m a l e lambs 
f rum d a m lines is lower t h a n t h a t of t h e Hungar ian Mer ino, the w e i g h t gain 
of l ambs descending f r o m Suffolk crosses is be t te r a n d the bony m u t t o n 
p roduc t ion per day is considerably h igher (Table 8). 
Conclusions 
F r o m t h e initial F inn i sh and R o m a n o v cross-breeding, lambs homozygous 
for whi te colour are p r o d u c e d . Both b r e e d s are equal ly sui table for b reed ing 
wi th good character is t ics in t h e ewes f o r cross-breeding. They can be u s e d on 
modern f a r m s to breed l a m b s for s l augh te r . 
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The g r e a t e r the p ropor t ion of R o m a n o v or Finnish b lood in the cross-
breeding, t h e l a r g e r the o f f sp r ing , hut they a l so require b e t t e r conditions f o r 
feed ing and r a i s ing . 
The so-cal led "ewe charac te r i s t i cs" of t h e Ramboui l le t Merino can b e 
considerably i m p r o v e d by t h e in t roduc t ion of 2 5 % R o m a n o v blood and t h i s 
c a n be done w i t h o u t spoiling t h e wool-producing charac te r of the Merino. 
T h i s popula t ion , w i th its smal ler body size, c a n be used more economically b y 
sheep grazers i n Hunga ry . 
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Introduction 
Af te r the end of the 18th c e n t u r y most of t h e p ro f i t on E u r o p e a n farming 
e s t a t e s came f r o m t h e breeding of f i n e woolled sheep (Gaál a n d Guns t 1977). 
F r o m t h e middle of t h e 19tli c e n t u r y onwards t h e ve ry fine wool led animals 
were gradual ly replaced by an imals wi th s t ronger , heavier f leeces , e.g. Ram-
boui l le t . F r o m t h e beginning of t h e 20 th cen tury these animals w e r e displaced 
t o some ex ten t as t h e direction changed t o w a r d s the b reed ing of m u t t o n 
Merinos. Af t e r Wor ld W a r I t h e Ramboui l l e t t y p e remained p o p u l a r in H u n -
g a r y as a milking sheep and was also popular due to its ab i l i ty t o lamb fre-
q u e n t l y (Baskay 1936, Schandl 1936). The f a m i l y of mul t ip le-use Merinos 
ga ined a new m e m b e r a t the end of th is cen tury . 
The Booroola Merino, which can he r ega rded as a comple te ly different 
s t r a in of Merino, was f i r s t r e p o r t e d two decades ago (Turner 1966) and t h e 
h igh f ecund i ty of t h e s t ra in and i t s crosses has been ident if ied as being under 
t h e control of a single gene (Piper e t al. 1982, D a v i s et al. 1981, 1982). This 
s t r a in also has a longer breeding season t han o t h e r Merinos (B indon 1984). 
T h e discovery of a single gene w h i c h controlled fecundi ty in t h e Booroola 
caused a sensat ion in animal b r eed ing t h r o u g h o u t t h e world. W i t h the excep-
t i o n of the N gene associated w i t h ha i ry fleeces a n d horn g r o w t h in R o m n e y 
sheep (Dry 1955), single gene e f fec t s in animal p roduc t ion h a v e been of l i t t le 
p roduc t ive s ignif icance. 
Detai led s tudies in New Z e a l a n d with m a n y breed t y p e s and crosses 
h a v e shown t h a t in comparison w i t h "local b r e e d " ewes F F a n d F-j- animals 
will h a v e a super ior reproduc t ive pe r fo rmance of a p p r o x i m a t e l y : 
Ovula t ion r a t e F F + 3 . 0 F + + 1 . 5 
L i t t e r size F F + 1 . 5 F + + 1 . 0 
*37th Annual Meeting of the European Association for Animal Product ion", Buda-
pest, Hungary, 1-6 September 1986. 
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T h e Booroola o r F geiie t h e r e f o r e offers considerable possibilities for 
increas ing total p r o d u c t i o n in a s h e e p indus t ry in crisis (Elsen and Orto-
v a n t 1984). 
I n Hunga ry t h e Negret t i , E lec to ra l Negre t t i and Rambou i l l e t s trains 
became more c o m m o n f rom the 1 8 t h century o n w a r d s , and since 1970 t h e 
M u t t o n Merino t y p e h a s been used t o improve bodyweigh t and muscu la r i ty . 
T o d a y 9 5 - 9 8 % of H u n g a r i a n sheep are Merinos, so a n y breed improvemen t 
p r o g r a m m e s should logical ly be associa ted with t h i s b reed . The f i r s t Booroolas 
were impor t ed f r o m H a l d o n S ta t ion in New Z e a l a n d with t h e assis tance of 
t h e I n v e r m a y Agr icu l tu ra l Research S ta t ion of t h e N Z Ministry of Agricul ture 
and Fisheries in 1980, w i th a f u r t h e r group ar r iv ing in 1982. Three r a m s were 
i m p o r t e d for expe r imen ta l purposes in 1983 and s ix in 1984. The Society for 
Breed ing and I m p r o v i n g the Booroola was fo rmed in H u n g a r y in 1985, and 
in 1986 a fu r ther 13 r a m s and six ewes were i m p o r t e d for the Society f rom 
J a m e s Innes of H a l d o n Stat ion in N e w Zealand. 
T h e to ta l ava i l ab le stock cons is t s of ind iv idua ls descended f r o m eight 
r a m l ines f rom 14 d i f f e r en t f a the r s . E igh t of t h e an imals are t h e result of 
i n t e rb reed ing high q u a l i t y ancestor t o different degrees (Fx = 9 .3 -25 .0%) 
N a t h u s i u s ' s warning m u s t not be i gno red . . . " i n t e r b r e e d i n g in t h e hands of 
the ave rage livestock breeder is l ike a razon in t h e h a n d s of a m o n k e y . . . " . 
This r i sk has consciously been t a k e n , and p re -p l anned pairings of relatives 
have also been carr ied o u t for some r a m s . 
T h e a im of cross-breeding p r o g r a m m e s 
I n H u n g a r y t h e a im of the c ross ing p rog rammes is to ma te homozygous 
Booroola rams -with loca l Merino ewes to produce F-, animals wh ich car ry the 
F gene. These ewes w h e n mated w i t h a m u t t o n - t y p e var ie ty , shou ld achieve 
f e c u n d i t y levels of u p t o 200% each lambing. I t is of course i m p o r t a n t to 
ensure t h a t the Fx ewes are adequa t e ly fed, so t h a t t h e y have t h e o p p o r t u n i t y 
to express their genet ic potent ia l , a n d so t ha t l a m b s f r o m mul t ip le b i r ths are 
of suf f ic ien t b i r t hwe igh t t o maximize chances of su rv iva l . 
I t has been a s s u m e d t ha t t h e re la t ive fleece we igh t and f i b r e d iameter 
would h e more f a v o u r a b l e in the F j ewes than in H u n g a r i a n Merinos. Detailed 
observa t ions of fleece g r o w t h and t h e character is t ics of various crosses will be 
m a d e t h roughou t t h e exper imenta l p rogrammes . T h e use of the Booroola in 
crossing programmes w i t h the H u n g a r i a n Merino will s ignif icant ly increase 
the n u m b e r of lambs b o r n and the t o t a l meat p r o d u c t i o n by us ing a te rminal 
m u t t o n race to make u p a t least 2 0 % of t h e genetic background (Yeress 1983). 
T h e Society for Breeding and I m p r o v i n g t h e Booroola a ims a t produc-
ing homozygous nuc leus flocks (FF) on various s tock ing fa rms . Th i s will he 
Acta Agronomica Hungarica 37, 1988 
IMPROVEMENT OF MERINO SHEEP FOR PROLIFICACY 1 7 5 
possible using techniques for t h e ident i f ica t ion of animals ca r ry ing t h e F gene, 
a n d p rog rammes of back-crossing t o the desired breed type , or in te rbreeding 
of crosses, t o increase the gene f r equency in a desired b reed t y p e . In th i s 
w a y i t should b e possible to p r o v i d e suitable F F r ams for t h e va r ious sectors 
of t h e H u n g a r i a n sheep i n d u s t r y . R a m s of m u t t o n type to b e used in com-
m o d i t y crossing should also be p roduced by t h e Society (Fig. 1). 
tu 1.5-
No. of ewes 
Prol i f icacy rate 
1 1 1 1 1 1 1 1— 
17 18 19 20 21 22 23 24 25 
A g e at f i rs t lambing (months) 
Fig. 1. Scheme of herd improvement and commodity crossing 
Booroola cross-animals h a v e been under some criticism in Austral ia and 
N e w Zealand, a n d also in o t h e r sheep breeding countries s u c h as H u n g a r y 
d u e to the slower init ial g rowth r a t e and smaller body size. Consequent ly in 
some breeding f locks in F r a n c e (Elsen and O r t a v a n t 1984) a n d also in H u n -
ga ry , p rog rammes are being imp lemen ted where t h e Booroola gene is being 
con t ra s t ed in d i f fe ren t breed t y p e s by picking ou t homozygo tes originating 
f r o m t h e in te rbreed ing of F x an ima l s . This s t r a t e g y has a l r e a d y been under -
t a k e n in R o m n e y , Coopworth a n d Corriedale f locks in New Z e a l a n d (Davis c t 
al . 1980, Davis a n d Kelly 1983). 
If H u n g a r i a n Merino r a m s are ma ted w i t h the f i r s t cross F + ewes, 
t h e n t h e p rogeny will he 3/4 H u n g a r i a n Merino 1/4 Booroola, a n d again t h e 
F gene carriers can be ident i f ied b y laparoscopy or by l ambing records. 
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R e s u l t s of c r o s s - b r e e d i n g p r o g r a m m e s i m p l e m e n t e d s ince 1 9 8 2 
S e v e r a l l a r g e s h e e p f a r m s H u n g a r y h a v e c o o p e r a t e d i n B o o r o o l a c r o s s i n g 
p r o g r a m m e s s ince 1 9 8 2 o n t h e b a s i s t h a t r a m s m u s t b e r e t a i n e d o n t h o s e f a r m s . 
T h e r e f o r e , ewes h a v e b e e n m a t e d b y a r t i f i c i a l i n s e m i n a t i o n w i t h s e m e n col-
Table 1 
Fertility of Hungarian Merino eues inseminated with Booroola semen transported to farms 
Flock Date of insemination 
No. of 
inseminated 
ewes 
% of ewes 
lambing 
Litter 
size 
A Dec. 1982/Jan. 1983 1202 39.9 1.06 
В May/June 1982 1443 34.9 1.18 
С Ju l у/Aug. 1982 274 9.1 1.16 
D Sept./Oct. 1982 966 33.1 1.36 
A Nov./Dec. 1982 2143 67.8 1.16 
В Jan . /Feb . 1983 864 13.2 1.11 
6892 42.0 1.16 
Table 2 
Development of livemass in Booroola cross-bred and Hungarian 
Merino contemporary lambs "D" Flock 1982 
Livermass 
Birthmass 30 days 100 days 
Male single 
Booroola F j rams 93 4.02 10.82 22.60 
HM rams 51 4.16 11.60 25.67 
% Difference - 3 . 4 * * - 6 . 3 * * -12 .0** 
Male twins 
Booroola F , r ams 91 3.66 9.31 22.03 
HM rams 40 3.84 9.86 25.03 
% Difference — 4.7*** - 5 . 6 * —12.0*** 
Female single 
Booroola F j ewes 98 3.88 10.50 20.89 
HM ewes 53 4.00 11.24 23.07 
% Difference — 3.0*** - 6 . 6 * * p 4*** 
Female twins 
Booroola F4 ewes 76 3.56 9.05 20.65 
HM ewes 45 3.70 9.49 22.07 
% Difference - 3 . 8 * * * — 4.6 ns - 6.4** 
* P < 5%; ** P < 1%; *** P < 0.1% 
ns = non significant 
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Table 3 
Development of livemass in llooroola cross-bred and Hungarian Merino 
contemporary lambs "A" Flock 1983 
Livemass 
Birthmas s 30 days 100 days 
Male single 
Booroola Fj rams 
HM rams 
% Difference 
73 
22 
3.62 
3.92 
- 7.7* 
11.03 
11.91 
- 7.4* 
27.81 
32.00 
-15.0*** 
Male twins 
Booroola Fj rams 
HM rams 
% Difference 
36 
23 
2.90 
3.26 
— 11.0*** 
8.88 
10.04 
-12 .0*** 
22.01 
30.05 
-26.8*** 
Female single 
Booroola F j ewes 
HM ewes 
% Difference 
63 
24 
3.40 
3.23 
— 5.2 ns 
10.65 
9.84 
+ 1.0 ns 
24.08 
25.63 
- 6.1* 
Female twins 
Booroola F j ewes 
HM ewes 
% Difference 
36 
13 
2.81 
2.95 
— 4.8 ns 
8.63 
9.32 
- 7.5* 
20.01 
26.54 
-24.6*** 
* P < 5%; ** P < 1%; *** P < 0.1% 
ns = non significant 
lected w i t h i n 12 hours or less. Oestrus was detected twice a day a t 700 and 
1500 h o u r s and insemina t ions were ca r r i ed out a f t e r w a r d s . Ewes w e r e in-
seminated wi th 0.1-0.2 m l of semen d i l u t ed 1 : 1 wi th Micovanov, t h e insemi-
nate con ta in ing not less t h a n 80 X 10° spe rma tozoa . 
T h e resul ts of inseminat ions ca r r i ed out on f o u r f a rms are p r e s e n t e d 
in Table 1. 
T h e resul ts of t h e inseminat ion depended on t h e dis tance b e t w e e n the 
fa rms a n d on the seasons. The rams were placed a t sheep-farm A, w h i c h is 
s i tua ted 20 k m f rom f a r m s С and D, b u t 120 km f r o m f a r m B; consequen t ly 
the in semina t ion took p lace 8 hours l a t e r on t h e l a t t e r f a r m . 
T h e r e f o r e fa rms В and D wished t h e rams to h e placed there , because 
they w a n t e d to do t h e inseminat ion loca l ly . 
F a r m s A and D h a v e excellent q u a l i t y breeding f locks where t h e b i r th -
weights of t h e lambs a n d weights a t 30 and 100 d a y s were recorded . These 
were c o m p a r e d with con t empora ry p r o g e n y of H u n g a r i a n Merino ( H M ) ewes 
from H M sires. As the d a t a f rom bo th f a r m s are similar on ly those f r o m f a r m D 
are p r e s e n t e d here. T h e d a t a in Tables 2 and 3 p rov ide a compar ison on the 
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Table 4 
Performance data for Booroola cross-bred (Fl) and Hungarian Merino one-year-old breeding ewe lambs and ram lambs 
n 
Livemass 
(kg) 
Greasy fleece 
(kg) 
Clean fleece 
(kg) 
Staple length 
(cm) 
Relative wool production 
Greasy wool Clean wool 
"fl" Flock, 1983 
Booroola F j hoggets 77 40.31 4.80 — 10.11 11.91 — 
HM hoggets 59 42.98 4.86 — 9.36 11.30 — 
% Difference - 9 . 4 0 * - 1 . 3 0 ns + 10.80** +5 .40 ns — 
Booroola F j rams 120 59.50 7.29 2.99 9.55 12.25 5.02 
HM rams 80 64.92 7.59 3.10 8.89 11.69 4.77 
% Difference — 8.3*** - 4 . 0 * — 3.5 ns + 7.4** + 4.7 ns + 5.2* 
"A" Flock, 1984 
Booroola F j hoggets 76 40.14 5.49 — 8.72 13.67 — 
FIM hoggets 100 44.71 6.73 — 8.12 15.05 — 
% Difference 1Q 2 * * * — 1 8 . 4 * * * + 7.4*** - 9 . 2 * * 
— 
Booroola F j rams 62 61.63 7.46 3.37 10.09 11.91 4.84 
HM rams 81 64.49 8.16 3.53 9.70 12.63 4.40 
% Difference - 4 . 5 * - 8 . 6 * * —4.5 ns +9.6*** - 4 . 6 * + 10.1*** 
* P < 5%; ** P < 1%; *** P < 0.1% 
ns = non significant 
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two geno types in sex and b i r t h r a n k groups. P r o g e n y f rom Booroo la sires 
weighed —11—1-5% a t b i r th . At 30 a n d 100 days of age the Booroo la cross 
an imals were 4 . 6 - 1 2 % and 6 .4 -24 .6% l ighter t h a n t h e HM progeny . Most of 
these differences were also s ta t is t ica l ly s ignif icant . 
I n Tab le 4 t h e l ivemass and f l e e c e character is t ics of Booroola a n d HM 
r a m s and the i r F 4 p r o g e n y on two f a r m s are c o m p a r e d . Da ta fo r s ingle and 
tw in -bo rn animals h a v e been combined in the t a b l e . The body masses of the 
F j p r o g e n y were app rox ima te ly 1 0 % less than in t h e H M animals . T h e r e was 
no s igni f icant di f ference in greasy f leeceweight b e t w e e n t h e HM a n d F 4 animals 
in F lock D, a l though t h e r e was a s ign i f i can t d i f ference in Flock A. T h e s e da ta 
are in agreement w i t h earlier r e p o r t s (Hawker e t al . 1980, Elsen a n d Orto-
v a n t 1984). 
T h e staple l e n g t h was increased in F 4 p r o g e n y in compar ison wi th the 
HM an ima l s (7 .4 -10 .8%) and the a d v a n t a g e s of t h e Booroola crosses in rela-
t ive wool product ion were also obv ious . An assessment of the wool b y experts 
f r o m t h e Qual i fying I n s t i t u t e for A n i m a l Breeding a n d Feeding (ATMI) also 
showed t h e F-, an ima l s to he super io r for colour and evenness. W o o l f rom 
f a r m В fetched a 2 5 % higher s t a n d a r d price for t h e 500 F 4 l a m b s in com-
par i son wi th 200 H M lambs of t h e s a m e age. 
As t h e female F 4 progeny h o r n on farms A and D did n o t differ in 
f e r t i l i ty or prol i f icacy in comparison w i t h the HM ewes a t their f i r s t lambing, 
these f a r m s t e m p o r a r i l y suspended t h e i r crossing p rog rammes . 
R a m No. 8502 was also inc luded in previous comparisons. N o de te rmina-
t i o n h a s been made of whether t h e s e r a m s are F F or F-f- bu t some a d v a n t a g e 
Hungarian Merino Booroola Merino Hungar ian Merino Booroola Merino Mutton 
я я 0 
Я / 
я я Я д ь 
25% 50% 25% \ 
© © © о a © я 
Crossing for 
s laughter 
Improvement of 
mutton 
nucleus f locks 
Production of rams 
for crossing Homozygous Booroola 
f l ocks 
[var iat ion " д У ^ ^ 
Fig. 2. Relationship between age and reproduction Booroola F j ewes at f i r s t lambing 
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Table 5 
Reproductive performance of Booroola Fl and Hungarian Merino ewes 
at first lambing 
Sire n 
Average age 
at lambing 
(months) 
Mean litter 
size 
Percentage 
twins triplets 
8502 Imported Booroola 155 21.8 1.32 24.5 3.9 
086 Imported Booroola 135 21.6 1.30 22.2 3.7 
051 Imported Booroola 211 21.7 1.32 26.1 1.9 
All Fj Booroola Sires 501 21.7 1.32 24.6 3.0 
Hungarian Merino 97 21.6 1.11 11.3 
— 
in f ecund i ty has b e e n passed on t o a t least some of their p r o g e n y . The d a t a 
sugges t the r a m s u s e d were he te rozygous ( F + ) . F ig . 2 clearly indicates t h a t 
t h e age at f i rs t l a m b i n g did no t in f luence the pro l i f icacy of t h e ewes. 
Fur the r breeding tasks in H u n g a r y 
Wi th the d e v e l o p m e n t of b reed ing p r o g r a m m e s incorpora t ing the Boo-
roo la gene in H u n g a r i a n f locks i t is essential t o develop l apa roscopy skill t o 
e n a b l e detailed record ings to be m a d e of the ovu la t ion ra te in control H M 
an ima l s in compar i son with va r ious crosses. T h e use of this t e c h n i q u e (Davis 
e t al . 1982, Davis a n d Kelly 1982) will enable i n f o r m a t i o n on m a n y questions 
t o b e collected: 
(a) T h e ovulat ion r a t e of the H u n g a r i a n Merino an imals at d i f f e r en t times of 
t h e year m u s t b e de te rmined , t o provide i n f o r m a t i o n on m o r e f requent 
lambing, wh ich is becoming m o r e popular in t h i s country . 
(b) Laparoscopy is essential for t h e examina t ion of groups of d a u g h t e r s f r o m 
r a m s in p rogeny t e s t s in order t o de termine gene t ic s ta tus , i.e. F F or F-j- . 
(c) Ovulat ion r a t e records for f ema les will al low t h e m to be grouped in to 
animals not possess ing the F gene ( + + ), he te rozygous ( F + ) and homo-
zygous animals ( F F ) . 
(d) P rogeny t e s t i ng inves t iga t ions a re also u r g e n t l y required fo r the cate-
gorization of n e w l y impor ted r a m s , by crossings with HM animals in to 
e i ther F + or F F genotypes . 
With in H u n g a r y there will h a v e to be d i f f e r e n t priorities in some selec-
t i o n programmes d u e to the fac t t h a t some a n i m a l s are milked, a n d also due 
t o t h e fact t h a t s o m e breeding f locks are e x p e c t e d to lamb a p p r o x i m a t e l y 
e v e r y eight m o n t h s . P rogeny t e s t i ng of rams is a t ime-consuming process and 
t h e programmes p r e s e n t l y u n d e r t a k e n in H u n g a r y t a k e 3-3.5 yea r s , b y which 
t i m e some of the r a m s may well h a v e died. The re fo re , efforts are be ing made 
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to freeze t h e spe rmatozoa of va luable an imals whe reve r possible, so t h a t 
ewes can be fertilised subsequen t to p r o g e n y tests . Howeve r , use of l apo roscopy 
in young ewes should enab le the p rogeny t e s t t ime fo r individual r a m s t o be 
diminished, faci l i ta t ing t h e i r use for m a t i n g . I t is sugges ted t h a t p r o g e n y 
tests where 20-30 d a u g h t e r s are l aparoscoped to d e t e r m i n e ovu la t ion r a t e 
two or t h r e e t imes at 18—19 months of age would be a n appropr ia te s t r a t e g y 
to adop t . 
The s t r a t egy of f reez ing ram s e m e n is also l ike ly to be e f fec t ive , as 
Salamon (1985) has i n t roduced s p e r m a t o z o a which h a d been f rozen f o r 16 
years d i rec t ly into t h e u t e r u s and ach ieved a 60% fe r t i l i t y rate. T h i s is a 
par t icu la r ly promising resu l t which shou ld have re levance under H u n g a r i a n 
condit ions. 
M a n a g e m e n t factors for increas ing sheep product ion 
I t is i m p o r t a n t fo r t h e major i ty of f a rms to e n d e a v o u r to i n d u c e their 
sheep to l a m b more t h a n once a year (i.e. every e ight or nine m o n t h s ) and 
also, if necessary , to mi lk the ewes. I n o rde r to adop t these s t rategies , early 
weaning of t h e lambs a t 30-40 days is impor t an t , a n d , as a consequence , 
techniques for f a t t en ing these early w e a n e d lambs s p r e a d quickly in H u n g a r y 
since 1971 (Veress et al. 1975). 
I t is also likely t h a t ewes will n e e d higher levels of feeding w i t h energy 
and p ro te in dur ing t h e crit ical periods of the year , i .e . prior to and dur ing 
mat ing , l a t e p regnancy a n d lac ta t ion. T h e required feed ing levels a r e likely 
to be h igher t h a n those specified by t h e f o r m e r H u n g a r i a n Practice of Merino 
Breeding. 
A t t e n t i o n should also be paid to ef f ic ient p a s tu r e utilisation d u r i n g the 
app rop r i a t e seasons, a n d in t roduce r o t a t i o n a l grazing techniques . 
Those lambs which cannot surv ive in large f locks b y suckling f r o m their 
mothers m u s t he raised art if icial ly in a u t o m a t i c l amb feeding sys tems . 
These systems h a v e previously been specified fo r R o m a n o v lambs 
(Veress a n d Lovas 1980). 
I n o rder to de t e rmine p r egnancy and the n u m b e r of foe tuses being 
carried, u l t r a sound i n s t r u m e n t s should also he ava i lab le . This wou ld allow 
the a p p r o p r i a t e energy and protein levels to he supp l i ed to ewes bear ing 
mult iples. As well as t h e above factors , w h i c h have been identif ied as necessa ry 
within sheep m a n a g e m e n t p rog rammes , there will b e a need for i m p r o v e d 
m a n a g e m e n t expert ise du r ing all s tages of intensive sheep product ion sys tems . 
Provid ing these m a n a g e m e n t skills are improved , and providing t h e t echn ica l 
skills r equ i r ed for t h e de te rmina t ion of t h e various Booroola g e n o t y p e s in 
bo th males and females are achieved, t h e r e are obvious oppor tuni t ies for the 
use of t h e s e Booroola an imals to e x p a n d sheep p roduc t ion in H u n g a r y . 
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L A M A R O U E C L A U D I N E : Maladies et accidents 
cultnraux du tournesol (Diseases and damages 
in sunflower cultivation). Edi tor : Institut Na-
tional de la Récherche Agronomique (INRA), 
Paris, 1985. ISBN: 2-85340-708-Х. 
This technical hook of scholarly character 
and at t ract ive format, indispensable for those 
engaged in sunflower cultivation, was pub-
lished by the INBA in 1985. 
The book runs to 119 pages, with 2 tables 
and 125 illustrations — of which 115 are 
colour photographs, and the others are draw-
ings. Most of these colour photographs show 
symptoms of plant damage. 
Chapter 1 presents a botanical description 
of the healthy plant and interprets the re-
lated terminology. 
Chapter 2. Provides a key for identifying 
damage observed in the different paits of 
the plant . 
Chapters 3 and 4 show the symtoms of 
important and less significant bacterial and 
fungal diseases and the parasites of the sun-
flower t h a t occur in France, with a discussion 
of the disorders in the development of the 
inflorescence. 
Chapter 5. Deals with damage caused by 
animals, mostly birds and rabbits. 
Chapter 6. Vividly describes harmful in-
sects and their effect on sunflowers. 
Chapter 7 discusses the injuries caused by 
such climatic factors as wind and hail. 
In Chapters 8 and 9 the symptoms of the 
phytotoxic effect of pesticides, fertilizers and 
other chemicals, the symptoms of nutr ient 
deficiency as well as lesions traceable back to 
genetic causes are described. 
The book finally summarizes the way of 
life of major pathogenic fungi and the 
methods of controlling t hem. 
A phytopathological encyclopedia includ-
ed within the book thoroughly explains the 
technical terms. 
To summarize the hook is indispensable 
for sunflower growers, since it offers help in 
identifying any disorders observed in the 
plant and locating their causes. An easy 
recognition of the symptoms is rendered pos-
sible by the large number of colour illustra-
tions. 
M . GLITS 
HARTMAN, R. J.: Biological and Cultural Test 
for Control of Plant Diseases (B a n d С Tests) 
Knob Road, St . Paul, Minnesota 55121. — 
ISSN 0887-2236. 
Votum« 1. 1986 
Biological and Cultural Tests 
for Control of Plant Diseases 
M's PHUSN 
The American Phytopathological Society 
(APS) continuously published summaries of 
its investigation results. The book "Biological 
and Cultural Tests for Control of Plant Dis-
eases'" edited in this framework contains the 
results of experiments carried ou t in 1985 on 
plant diseases and nematodes. 
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The book presents the results of 69 
examinations completed, along with indices 
of authors, host p l an t s and pathogens to 
assist orientation. 
These examination results were obta ined 
wi th the following p l a n t s : 
— apple 
— bean, cucumber, eggplant, onion, pepper , 
sweet-pepper, p o t a t o , radish, squash , 
sweet potato, t o m a t o , watermelon, corn, 
soybean, barley, whea t , cotton, p e a n u t , 
tobacco 
— turfgrasses: Agrostis, Poa, Lolium, Festuca 
species 
— Chrysanthemum, crabapple, poinset t ia , 
rose 
— American elm. 
The experiments can be grouped b y the 
following subjects: 
— In vivo susceptibility of the new p lan t 
varieties to the m a j o r diseases of the 
species and to nematodes . The plant vari-
eties include new, commercially produced 
and coded varieties. 
— In vitro or in vivo ac t ion of fungicides and 
nematocides. (Seed dressing stand spray-
ing.) 
— The effect of cu l tu ra l practices (irriga-
t ion, nutrition, t i m e of harvesting) on the 
diseases. 
— Effect of antagonistic micro-organisms on 
parasitic fungi in t h e soil. 
— Effect of soil t r e a tmen t s by irradiat ion 
on parasitic fungi. 
— Comparative s tudy of inoculation tech-
niques. 
I n the above sub jec t groups, the disease 
susceptibility of plant varieties, and efficiency 
tes ts of fungicides a n d nematocides are 
mos t ly described. 
Wi th the examinat ions, the methods of 
se t t ing up and eva lua t ing the experiments 
are also included. 
This book is recommended to agricultur-
ists carrying out exper iments for plant pro-
tec t ion , and to plant breeders as well as to 
those engaged in v a r i e t y qualification, who 
besides making use of these examination 
resul t s are given methodological guidance in 
se t t ing up and evaluat ing the experiments. 
M . G L I T S 
Genetic Basis of Biochemical Mechanisms of 
Plant Disease. (Eds.: J . V. Groth and W . R . 
Bushneil.) Amer. Phy topa tho l . Society Press , 
St. Pau l , Minnesota USA. Y I I -f 157 p. 1985. 
This hook is based on presentations f r o m 
a symposium held in Guelph, Ontario, in 
1984. I t has been reproduced directly f i o m 
Biochemical Mechanisms 
of Plant Disease 
Ediled by 
lames V. Otmh mil William R Bushneil 
„ '!<"- I I,,)» „., , 
the typewr i t t en manuscripts of the authors. 
It contains the lectures of f ive authors on 
the recognition phenomenon, general resis-
tance, racespecific resistance, non-host resis-
ance, and using trecombinant DNA technol-
ogy to s t u d y the host-parasite interaction. 
The pape r of W. R. Bushneil on "The 
Role of Nonself Recognition in Plant Disease 
Resistance" (pp. 1-24) is a speculative sum-
marizing article. The main conclusion is t ha t 
plants do no t possess a general ability to 
recognize ei ther nonself individuals or non-
self species. Recognition is no t a component 
of plant disease resistance. Bushneil believes 
that p lants develop defences only in response 
to threats encounteied in the course of their 
evolution. I n other words, defence responses 
are more likely triggered b y certain sub-
stances a n d activities of a t tacking micro-
organisms. 
As is known, neither t he histocompati-
bility complex nor the humora l immuno-
logical sys tem exist in plants as in higher 
animals. The occurrence of common antigens 
(shared proteins) in the pa thogen and host 
seems to help the pathogen species to cause 
disease in a host species. However these cross-
reactions do not relate to specificity at the 
race or f o r m a specialis levels. We cannot 
explain w h y antigenic similarity to a plant 
host confers an advantage on a parasite. 
The a u t h o r then treats evidences against 
nonself recognition in plants, such as proto-
plast fusion, and tissue co-culture with paired 
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species a n d g ra f t s . Af ter discussing somatic 
incompat ib i l i ty in higher p l a n t s , he deals 
with the defence responses t r iggered by t he 
pa thogen. I t is known t h a t react ions which 
lead to disease resistance a r e controlled b y 
unknown in te rac t ions b e t w e e n specific mole-
cules of t h e hos t and the p a r a s i t e . Knowing 
too li t t le a b o u t those specific molecules, one 
cannot say m u c h at t he m o m e n t on th is 
mechanism of induced defence . 
The second article b y Michele C. H e a t h 
t rea ts t h e " Imp l i ca t i ons of Nonhost Resistance 
for Understanding Host-Parasite Interaction" 
(pp. 25-42) . I t would seem t h a t unders tand-
ing nonhos t resistance will he lp in determin-
ing the specif ic host -paras i te in teract ions . She 
concludes t h a t p lant r e s i s t ance should be 
durable if it is mu l t i - componen t and based on 
defence mechan isms , also if i t is negated b y 
a p roduc t of the pa thogen w i t h a high degree 
of specif ic i ty . This ai t icle, t oo , seems to be 
ra the r specula t ive . 
The n e x t chapter is on "TVre Implications 
of General Resistance for Phy siological Inves-
tigations" b y B. C. Clifford, T . L. W. Carver 
and H . W . Roder ick . This is t h e most original 
con t r ibu t ion to the book. Deal ing with ru s t 
and p o w d e r y mildew diseases, t h e y identified 
different ba r r i e r s against f u n g a l development : 
reduced pene t r a t ion , p r e v e n t i o n of haus to-
r ium f o r m a t i o n , res t r ic t ion of haus to r ium size 
and ef f ic iency resulting in lower infection 
f r equency , slower colony deve lopment and 
reduced or delayed sporu la t ion . This type of 
resis tance seems race non-spec i f ic and gov-
erned b y complex genetic sys t ems . 
The c h a p t e r on "Progress in Understand-
ing the Biochemistry of Race-specific Inter-
actions" b y N. T. Keen dea ls with recogni-
t ions in gene-for-gene s y s t e m s , the elieitor-
suppressor hypothesis , t h e elicitor-receptor 
model of res is tance connec t ed with phy to-
alexin p roduc t i on and w i t h t he cloning of 
pa thogen avirulence genes. H e speculates on 
the usefu lness of r e c o m b i n a n t D N A technol-
ogy which in the f u t u r e will pe rmi t under -
s tanding of t h e re la t ionship between phy to -
alexin el ici tors and p a t h o g e n avirulence 
genes, w h e t h e r or not t h e y a i e pr imary (or 
secondary) avirulence gene p roduc t s . How do 
suppressors re la te to t h e f u n c t i o n of v i ru-
lence/avirulence alleles? A r e p lan t resistance 
gene p r o d u c t s the p r o t e i n receptors for 
pa thogen-p roduced specific elicitors, as t h e 
el ici tor-receptor model p r e d i c t s ? According 
to Keen , i t is unlikely t h a t single genes con-
fer i ing race-specific disease resis tance will be 
useful because they are t o o specific. I t would 
seem m o r e reasonable t o i s la te a plant gene 
which confers general, r ace non-specific, re-
sistance t o an entire p a t h o g e n species a n d 
in t roduce i t into a p lan t t h a t is susceptible 
to the p a t h o g e n . 
The book conc ludes with A. H . Ell ingoe 's 
"Prospects for Using Recombinant DNA 
Technology to Study Racespecific Interactions 
between Host and Parasite". He be l i eves tha t 
recombinant D N A technology a l r e a d y influ-
ences plant p a t h o l o g y in the f o r m of diag-
nost ic kits fo r vi ruses , by eng inee red bio-
control agents, b y cloned avirulence genes of 
pa thogens and b y rou t ine genetic t r a n s f o r m a -
t ion in host p l a n t s . 
Ellingboe p o i n t s out tha t p l a n t breeders 
a n d pathologists h a v e man ipu la t ed genes for 
disease res is tance for practical ga in fo r more 
t h a n 75 years , b u t the p roduc t s of these 
genes are still u n k n o w n . Genes t h a t control 
host -paras i te spec i f ic i ty will p r o b a b l y soon 
b e cloned in b o t h pathogens and h o s t plants. 
However , the p r o d u c t s of these genes should 
be discovered in t h e very near f u t u r e . Obvi-
ously, this i n f o r m a t i o n will have g r e a t effects 
on bo th p lan t p a t h o l o g y and p l a n t breeding. 
The book c o n t a i n s 239 c i t a t i o n s and a 
sub jec t index. T h i s volume ce r t a in ly will be 
widely used b y s t u d e n t s as well as researchers . 
I t contains a g r ea t number of new d a t a , new 
ideas and s t i m u l a t i n g speculat ions. 
Z . K I R Á L Y 
Industrial application of radioisotopes. (Edit . 
G. Földiák.) Akadémia i Kiadó, Budapes t , 
1986. 
This book p r o v i d e s a comprehens ive treat-
m e n t of the app l i ca t ion of i so topes in prac-
tically all b r a n c h e s of the i n d u s t r y . Clearly 
filling a gap in t h e l i terature, i t r ev iews the 
recent d e v e l o p m e n t s in this s u b j e c t . I t will 
t h u s enable t h e technical staff w o rk ing with 
isotopes and n u c l e a r technology t o choose the 
mos t app rop r i a t e method for so lv ing those 
problems t h e y con f ron t in the i r d a i l y work. 
The book c o n t a i n s these 8 c h a p t e r s : 
Basic d a t a a n d definitions 
Nuclear i n s t r u m e n t s and m e a s u r e m e n t s 
Radio t racer techniques 
Rad ioana ly t i ca l methods 
Nuclear bo reho le geophysics 
Radia t ion technologies 
Industr ia l r ad iog raphy 
Radia t ion pro tec t ion (heal th phys ics ) 
To the specia l is ts of the a g r i c u l t u r e and 
food indus t ry I would like t o p o i n t out the 
chapters 2, 3 a n d 6, which dea l w i t h such 
problems as leve l height m e a s u r e m e n t , thick-
ness m e a r u e m e n t , moisture c o n t e n t deter-
minat ion, m e t a b o l i c studies, r ad io t r ace r tech-
niques in pes t i c ide research, radiobiological 
processes in agr icul ture ( rad ios t imula t ion , 
rad ionruta t ion) , food i r radiat ion, e t c . 
The u n i f o r m t r ea tmen t of t h e topics dis-
cussed avoids repet i t ion of t h e mater ia l . 
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B e c a u s e of its i n t e g r a t e d front of d iscuss ion, 
t h e book will be of v a l u e to univers i ty s taf f 
a n d students c o n c e r n e d with s t u d i e s on 
i so topes and nuclear equ ipment , in a d d i t i o n 
t o t hose working w i t h isotopes and r a d i a t i o n 
t e c h n i q u e s in i n d u s t r y , agriculture or gov-
e r n m e n t a l e s t ab l i shmen t s . 
A . S . S Z A B Ó 
PETER FRIEDRICH: Supramolecular enzyme 
organization ( P e r g a m o n Press, Oxford , A k a -
d é m i a i Kiadó, B u d a p e s t , copyright 1984, 
r e p r i n t e d 1986) 
I n this book t h e a u t h o r gives an exce l l en t 
s u r v e y of the resul t s of a relatively n e w f ie ld 
of biochemistry w h i c h has a great f u t u r e . 
W h i l e in the f i f t i es a n d sixties, the e n z y m e 
c h e m i s t s devoted t h e i r experiments t o cha r -
ac te r iz ing the s t r u c t u r e and function of single 
p u r i f i e d enzymes, in t h e las t two decades the 
r e s e a r c h turned t o w a r d t he interact ion of the 
i n d i v i d u a l protein molecules their spec i f ic 
associat ions and t h e i r special consequences . 
T h e au thor has a l ong experience in t h i s f ie ld 
a n d he treats t he p r o b l e m s of the s u p r a -
molecu la r organiza t ion of the enzymes w i t h 
g r e a t competence. 
T h e book is c o m p o s e d of nine c h a p t e r s . 
I n the first two, t h e m o s t impor tan t ques-
t i o n s of the e n z y m e s t ruc tures and of t he 
in t e rac t ions between t h e side chains a n d sur-
f a c e s of the protein molecules are i n t r o d u c e d . 
T h e third chapter g ives a detailed s u r v e y of 
t h e qua te rna ry s t r u c t u r e of the enzymes , t he 
ol igomeric enzymes a n d t h e complex e n z y m e s . 
T h e fourth chapter deals with t he i n t e r -
mo lecu l a r organiza t ions and their f u n c t i o n a l 
consequences . In the next chapter, the a u t h o r 
d i scusses the m u l t i e n z y m e complexes a n d 
m u l t i e n z y m e c o n j u g a t e s , the most s imp le 
supramolecu la r o rgan i za t i ons composed of 
t w o or more e n z y m e s of different c a t a l y t i c 
p rope r t i e s , and t he mul t i func t iona l p r o t e i n s 
w h i c h catalyse more consecut ive r eac t ions of 
m e t a b o l i c path. The expe r imen ta l resu l t s per -
t a i n i n g to the m u l t i e n z y m e complex-con-
j u g a t e s and the i n t e r a c t i o n s of " s o l u b l e 
e n z y m e s " are also s u m m a r i z e d here. 
T h e sixth chapter s e t s for th the assoc ia-
t i o n of enzymes w i t h cel lular s t ruc tures , t h e 
i n t e g r a l membrane e n z y m e s , r ibosomal a n d 
n u c l e a r enzymes, a n d t h e enzymes loose ly 
h o u n d to structures. 
T h e next two chapters, "Metabolic c o m -
p a r t m e n t a t i o n " a n d " C u r r e n t t rends i n t h e 
s t u d y of enzyme s y s t e m s " are p re sen ted as 
spec i a l individual r e v i e w s of these top ics . 
T h e last chapter " E n z y m e o rgan iza t ion : 
s u m m a r y and p e r s p e c t i v e s " is ac tua l ly n o t 
a s u m m a r y but it d i scusses some ve ry i n t e r -
esting p rob l ems which a r e connected w i t h 
enzyme organizat ions (e.g. " E n z y m e organi-
zat ion i n disease and age ing" , " E n z y m e 
t h e r a p y " ) . 
Th i s th ree -hundred-page book is an excel-
lent s u r v e y of the sub jec t . I t includes 1351 
b ib l iograph ic references a t the end in an 
a lphabe t i c list. 
A l t h o u g h the d e v e l o p m e n t is very f a s t in 
this f i e ld of biochemistry, and the i n n o v a -
tions wil l enrich our knowledge of the ind i -
v idual de ta i l s , this book will certainly be a 
very v a l u a b l e reference d u r i n g many y e a r s 
to come to enzymologists , biochemists a n d 
molecular biologists, fo r b o t h the research-
men a n d t h e graduate s t u d e n t s . 
L . BOROSS 
S I M O N , J . E . , C H A D W I C K , A . F . a n d C R A K E R , 
L. E . : IJerbs. An Indexed Bibl iography 1971-
1980. E l sev ie r Science Publ i shers . Amste r -
d a m - O x f o r d - N e w Y o r k - T o k y o , 1984. pp . 
770. 
T h e a i m of the vo lume is to provide a n 
easy access to the sc ient i f ic informat ion in 
the f i e ld of herbs, a r o m a t i c and medicinal 
plants . T h o u g h , i t is " m e r e l y " a bibliogra-
phy, t h e 770 pages c o n t a i n an immense 
a m o u n t of information on selected species, 
thus s p r e a d i n g scientific d a t a in a re lat ively 
concise a n d informative m a n n e r . 
I t is, however , clear t h a t such a wea l th 
of i n f o r m a t i o n cannot he m a n a g e d w i t h o u t 
the aid of computer . I t is also one of t h e 
p r i zewor thy things abou t a u t h o r s t ha t t h e y 
have b e e n efficient in us ing t h e computer fo r 
the b e n e f i t of scientists a n d all other i n t e r -
ested p e r s o n s in this f ield. 
In pr inc ip le , the v o l u m e is made u p of 
three p a r t s : 
P a r t 1 : The Herbs. 64 m a j o r herb p l a n t s 
are not me re ly retrieved b u t also discussed 
here in o v e r 100 pages. I n e a c h case there is 
ment ion of each plant in i t s Lat in , F rench , 
German , I t a l i an and S p a n i s h name, its a r ea 
of d i s t r i b u t i o n and its m a i n bo tan ica l f ea tu res 
(such as morphology, ecological demands , 
etc.). T h e r e is also useful i n fo rma t ion on t he 
main a c t i v e principles, t h e i r dis t r ibut ion in 
the p l a n t , t h e pharmacological act ivi ty a n d 
form of appl ica t ion of the d r u g , its f l avour -
ing charac te r i s t ics , its t r a d i t i o n a l medicinal 
uses, i n c l u d i n g e thnomedic ine , and its m a r -
keting. 
P a r t 2: Subject Classifications. The m a i n 
body of d a t a is presented in this section, 
which is dev ided into the fo l lowing 10 groups : 
Chemistry, Botany, Bionomics, Horticulture, 
Production, Ecology, Culinary Studies, Phar-
macology, Perfumery, Natural Dyes and Orna-
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mental Applications, Commerce. E a c h group 
is subd iv ided into numerous subgroups m a k -
ing a c lear-cut a r r a n g e m e n t of the large 
a m o u n t of in format ion . T h e references are 
e n u m e r a t e d in the a lphabe t ica l list of f i r s t 
au thors . 
P a r t 3: Other References, con ta ins ex tended 
lists of Books on Herbs , Bibliographies, 
Repor t s , Conferences and Sympos ia and also 
General References . 
All in all, the I n d e x e d Bibl iography, 
1971-1980, is a s tore-house of i n fo rma t ion 
for profess ional hor t icu l tura l i s t s , chemists , 
food sc ient is ts pharmacologis t s research s tu-
den t s a n d adminis t ra to rs wi th an a f f in i ty for 
a r o m a t i c a n d medicinal p l an t s . Though, ab 
ovo i t c a n n o t be complete , still the vo lume 
prov ides an ou t s tand ing image of scientific 
ac t iv i ty in this field, re f lec t ing also some 
research tendencies of the las t decade. 
I t should also be m e n t i o n e d t h a t despi te 
the i m m e n s e amoun t of d a t a , the volume is 
easy to hand le and well organized W h e n 
wishing t h a t authors would h a v e the faci l i ty 
and o p p o r t u n i t y to compile the second 
vo lume for our present decade , I w a r m l y 
r e c o m m e n d the purchase of this book b y 
in t e re s t ed libraries, and persons . 
A . M Á T H É 
abdomens of t h e l a rvae . Only 11 of the 65 
f igures come f r o m o ther works, t h e r e s t are 
original drawings b y the au thors . T h e draw-
ings indicate t h e Hunga r i an n a m e s of the 
t axonomic c h a r a c t e r s found b o t h o n t he head 
a n d the a b d o m i n a l section. I t w a s a great 
he lp with the nomenc l a tu r e t h a t t w o excel-
l en t authors, H e n r i k S te inmann a n d Lajos 
Zombor i pub l i shed several b o o k s on the 
morphology of t h e larval- and i n sec t body in 
1981-1984 u n d e r t h e auspices of t h e Akadé-
mia i Kiadó. T h e b o o k is made c o m p l e t e by a 
bibl iography con t a in ing 17 H u n g a r i a n and 
foreign reference works . 
The usefulness of the iden t i f i ca t ion hook 
will be judged f i r s t of all by those expe r t in 
agroentomology, w h o will have t o decide if 
soil steril ization or seed dressing w i t h insec-
ticides is necessary . 
The book is expec ted to be of m u c h use 
for universi ty t e a c h e r s and s t u d e n t s in the 
course of p rac t i ca l studies on l a r v a e living 
in the soil. I t is similarly ind i spensab le for 
entomologists engaged in s tudies of mater ia l 
a n d energy t u r n o w e r in agroecosystems. 
I think the A k a d é m i a i Kiadó f i l led a long-
fe l t gap when publ i sh ing the a u t h o r s ' book 
in this simple a n d f ine style. 
G v . S Á R I N G E R 
T E R S Z T Y Á N S Z K Y , G . a n d T Ó T H , Z . : " A mező-
gazdaságilag művelt talajok gyakori rovarlárvá-
inak határozója" (Identification book for fre-
quent insect larvae of agriculturally cultived 
soils). A k a d é m i a i Kiadó, B u d a p e s t , 1986. 87 
pp. , 65 f igs . 
Agro-zoologists dur ing the i r educa t ion 
ob t a in i n fo rma t ion f i r s t of all on the mor-
phology of larvae and a d u l t s of species t h a t 
d a m a g e aboveground p a r t s of crops. T h e y 
k n o w m u c h less of l a rvae l iving in the soil. 
These p a r v a e apa r t f rom de inaging the unde r -
g round p a r t s of p lan t s p r o m o t e the decom-
posi t ion of dead p lan t ; a n d an imal organisms 
and t h e deve lopment of a f avourab le soil 
s t r u c t u r e , in brief: t h e y h a v e a share in 
m a i n t a i n i n g the fer t i l i ty of soil. 
T h e book based u p o n 25 years of inves-
t iga t ions th roughou t H u n g a r y , describes 36 
l a r v a e of Coleoptera and 4 l a rvae of Diptera. 
On f u r t h e r 3 pages, in the socalled Append ix , 
the H u n g a r i a n and La t in n a m e s of " t h e t e r m s 
of insec t morphology f o u n d in the t e x t " are 
given in a lexical form. T h e d a t e of pupa t ion , 
the t i m e of appearance of adul t s , and t h e 
l a t t e r ' s m e t h o d of feeding (phy tophage , zoo-
phage , seprophage) are s u m m a r i z e d in a tab le . 
On t h e following 43 pages, t he re are 65 illus-
t r a t i ons , 23 of t h e m are l a r v a photos , t h e 
o the r sline drawings of t he head nad end of 
Biotechnology in Agriculture and Forestry. 
Vol. I I . Ed i t ed b y : B a j a j , Y. P . S. Springer-
Verlag, Berlin, Heidelberg , New Y o r k , Tokyo 
1986. pp. 608. 
The second v o l u m e of the Sp r inge r series 
on Biotechnology in Agriculture a n d Fores t ry 
has been ed i ted b y Prof. B a j a j , Y . P . S. a 
leading pe r sona l i ty in the field of p l an t cell 
and tissue cu l tu r e . 
The vo lume is divided in to t h r e e major 
sections. Section I comprises c o n t r i b u t i o n s oil 
t he b iotechnology of cereal species, Section I I 
deals with Vege tab les , Legumes a n d Tubers, 
while Section I I I is on some f u t u r e agri-
cul tural crops. 
The chap t e r s 1—5 provide a su rvey on 
var ious aspects of whea t : 
— Biotechnology in wheat i m p r o v e m e n t , 
— Genetic v a r i a b i l i t y through a n t h e r cul-
ture , 
— I m p r o v e m e n t th rough an the r cu l tu re , 
— The p r o d u c t i o n of haploid d u r u m wheat . 
— Chapters 6 - 9 deal with v a r i o u s aspects 
of rice: 
— Regenera t ion of p lants f r o m cal lus cul-
tures , Factors a f f ec t i ng androgenesis , 
— Anther c u l t u r e for rice i m p r o v e m e n t in 
China, 
— Cryopreserva t ion of cell cu l tu res . 
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Relat ively few d a t a are available on t he 
i m p o r t a n t fodder c r o p maize, a sole c h a p t e r 
oil t h e : 
— Produc t ion of p u r e lines through, a n t h e r 
c u l t u r e . Barley is d iscussed in two c h a p t e r s : 
— Es tab l i shment of cu l tu res and the r e g e n e r -
a t i o n of plants, a n d 
— Induc t ion of g e n e t i c variabili ty t h r o u g h 
ca l l u s cultures. 
A good and comprehens ive survey is g iven 
of t h e in vitro t e c h n i q u e s available i n Sor-
g h u m and Pearl Mil le t . 
T h e Section I I o n Vegetables, L e g u m e s 
a n d Tubers is more r i c h in species. S o y b e a n , 
Phaseolus, Tomato , P e p p e r , Egg p l a n t , v a r -
i o u s species of Cucurbits, Onion, Gar l i c and 
L e e k , Celery, B u t t e r - B u r (Petasites japoni-
cus), Pota to , S w e e t Po ta to , Sugar B e e t , 
G l o b e Artichoke are i m p o r t a n t crops of ours , 
so t h a t the u p - t o - d a t e informat ion o n the i r 
i n v i t r o culturing cou ld be of i m p o r t a n c e for 
s e v e r a l researchers a n d breeders. 
Sect ion I I I d e a l s with the so-ca l led 
" F u t u r e Agricultural Crops" . Though acco rd -
i n g t o reviewer the c r o p s Triticale, H o r d e c a l e , 
W i n g e d Bean (Psophocarpus sp.), Amaran-
thus a n d Buckwheat represen t only a p o r t i o n 
of f u t u r e agricul tural crops, the i n f o r m a t i o n 
p r o v i d e d by the sec t ion is extremely u s e f u l , 
a n d up- to-date . I t is t o be expected t h a t the 
f u r t h e r volumes p l a n n e d will cover f u r t h e r 
spec ies missing f r o m t h i s volume. 
Owing to the mul t ip l i c i t y of i n f o r m a t i o n , 
i t i s impossible to go i n t o detail in e v a l u a t i n g 
t h e individual con t r ibu t ions . I t should h o w -
e v e r , be mentioned t h a t the list of references 
a t t a c h e d to each sec t ion make the i m m e n s e 
a m o u n t of i n f o r m a t i o n easily ava i l ab l e to 
t h e reader . 
Al l chapters are pragmat ical ly o r i e n t e d 
a n d m o s t of them i n c l u d e data on c u l t u r i n g , 
b r e e d i n g as well as genet ic aspects of t h e 
spec ies in question. Specia l importance s h o u l d 
b e ascr ibed to the conclusions and p r o s p e c t s , 
a t t h e end of each c h a p t e r . All in a l l , t h i s 
l a t e s t volume by t h e Springer-Verlag c a n he 
l o o k e d upon as a h o u s e of Treasures of i n fo r -
m a t i o n for research workers in c rop bio-
t e chno logy , as well as advanced s t u d e n t s a n d 
t e a c h e r s of genetics, p l a n t breeding a n d h o r t i -
c u l t u r e , etc. Professor B a j a j and his a u t h o r s 
h a v e added an exce l len t volume to t h e ser ies 
p r o v i d i n g also an exce l l en t overview of t h e 
l a t e s t scientific a c h i e v e m e n t s in th i s f i e ld . 
Á . M Á T H É 
ATHERTON, J . G. (ed . ) : Manipulation of Flow-
ering. Bu t te rwor ths . L o n d o n - B o s t o n - D u r -
b a n - S i n g a p o r e - S y d n e y - T o r o n t o - W e l l i n g t o n , 
1987. p p . 438. H a r d c o v e r prices 65 £. 
Accord ing to t r ad i l ions the well-designed 
vo lume con ta ins the p roceed ings of the 4 5 t h 
Un ive r s i ty of N o t t i n g h a m Eas te r School in 
Agr icu l tu ra l Science, held a t Sut ton Boning-
ton f r o m 7 - 1 0 April 1986. T h e 29 cont r ibu-
tions b y renowned special is ts of this field are 
a r ranged in the following 8 sections: 
1. I n t r o d u c t i o n ; I I . Measu remen t and pre-
diction of flowering; I I I . J u v e n i l i t y ; IV. Ver-
na l iza t ion ; V. Pho toper iod ic induction a n d 
evoca t ion to flower; V I . Photosynthes is , 
t r ans loca t ion and flow er i n i t i a t i on ; VI I . F low-
er d e v e l o p m e n t ; V I I I . T h e f u t u r e . 
W . W . Schwabe's introductory cont r ibu-
tion on t h e flowering p r o b l e m is followed b y 
papers on the measurement and prediction of 
flowering in annual crops ( b y E . H. R o b e r t s 
and Summer f i e ld , R. J . ) a n d in clonal p l a n t s 
(by D a v y , A. J.) . Tl iornley, J . H. M. d r aws 
up a p romis ing model fo r f lower in i t ia t ion , 
t hough i t is re levant t h a t sti l l fu r the r research 
is to be d o n e in order to exp lore the full r a n g 
of o p t i o n s involved in t h e regulat ion of 
f lowering. 
In t h e ensuing c h a p t e r on Juvenility a n d 
cell d e t e r m i n a t i o n , W a r e i n g , P. F. p resen t s 
evidence on the phase -change in plants lead-
ing t o f lower ing. H a c k e t t , W. P., Cordero, 
R. E . a n d Srinivasan, C. discuss the Apical 
mer i s t em character is t ics a n d act ivi ty in rela-
tion to juven i l i ty in Hedera, a species w i t h 
marked morphological d i f ferences be tween 
the j u v e n i l e and m a t u r e phases of develop-
ment . B y compar ing Helianthus sp., Zea mays 
and o t h e r dycots , Jeg la , D . E . and Sussex, 
I. M. t h r o w s light on t h e func t ion ing of t h e 
apical mer i s t em. In t he i r pape r on F lora l 
D e t e r m i n a t i o n : A Critical Process in Meris tem 
Ontogeny , McDaniel, C. N . , Gebhard t , J . S., 
Singer, S. R . and Dennin , K . A. come to t he 
conclusion t h a t in shoot mer i s t ems goups of 
cells ex i s t in a unique, some t imes reversible 
s ta te of development . T h e i r s tabil i ty is a 
func t ion of the genotype. 
The sec t ion Vernalization is in t roduced b y 
a comprehens ive review u n d e r the title Ver-
nal iza t ion E n v i r o n m e n t a l and Genet ic 
Regu la t ion (by N a p p - Z i n n , K.). The n e x t 
papers a re more p ragmat i ca l ly oriented: Curd 
in i t ia t ion in the caul if lower (Brassica olera-
cea v a r . Botrytis L.) — b y Ather ton , J . G., 
H a n d , D . J . and Wil l iams, C. A.; Characters 
related t o t he verna l iza t ion requi rement of 
sugar b e e t — by L e x a n d e r , K. ; Vernal iza-
tion in w h e a t — by K r e k u l e , J . ; Vernal iza-
tion in t h e onion — a q u a n t i t a t i v e approach 
— b y B r e w s t e r , J . L. 
Sec t ion V is i n t roduced b y A. R. Rees ' 
review oil Environmental and genetic regula-
tion of photoperiodism, a p a p e r t h a t also calls 
a t t en t i on t o the u t m o s t complexi ty a n d 
volume of informat ion t h a t makes i t impos-
sible t o a t t e m p t any s y n t h e s i s of environ-
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m e n t a l and genet ic regulat ion of photoper i -
odism. The s u b s e q u e n t c o n t r i b u t i o n s by 
p rominen t r ep resen ta t ives of the resea rch on 
f lowering discuss var ious, b u t i m p o r t a n t 
facc t s of pho toper iod ic induct ion a n d evoca-
t ion to f lower. T h u s , Effects of i l luminance 
on f lowering in long- and s h o r t d a y grain 
legumes (by Suinmerf ie ld , R. J . a n d Rober t s , 
E . H.) ; The gene t ic control of day - l eng th 
response in w h e a t (by Law, C. N . ) ; Photo-
periodic process: induc t ion , t r ans loca t ion and 
in i t ia t ion (by Dei tzer , G. F . ) ; I nduc t i ve 
even t s in the l eaves : t ime m e a s u r e m e n t and 
photopercept ion in the shor t -day p l a n t , Phar-
bitis nil (Vince-Prue , D.); Pho tope r iod i c in-
duct ion and the f lo ra l st imulus in Perilla (by 
Zeevaar t , J . A. D. ) ; A new s t r a t e g y for the 
ident i f ica t ion of n a t i v e p lant photoper iodic-
ally regulated f lower ing subs tances (by Ja f fe , 
M. J . , Bridle, K . A. and Kopcewicz , J . ) ; 
E f f ec t s of l ight on cell division in t h e shoot 
mer is tem dur ing f lo ra l evocation ( b y Francis , 
D.); In i t ia t ion a n d growth of i n t e r n o d e s and 
s t em and f lower f r u s t a in Silene coeli-rosa 
(by Lyndon, R . F.) . 
Section VI focuses mainly oil t h e metabolic 
preconditions of flower initiation. U n d e r the 
t i t l e Roles of photosynthes i s a n d assimilate 
par t i t ion ing in f lower ini t iat ion t h e topic is 
in t roduced b y R . M. Sachs's m o s t compre-
hensive and well realized review reveal ing 
m a n y facets of t he complex in te r re la t ion-
ships leading to f lowering. Bodson , M. and 
Remacle , B. p r e s e n t research d a t a on the 
Dis t r ibu t ion of assimilates f r o m various 
source-leaves d u r i n g the floral t r a n s i t i o n of 
Sinapis alba L. , whi le Schwabe, W . W . and 
Papafo t iou , M. focus on the I n h i b i t i o n of 
f lowering-effects in t he leaf and on t ransloca-
t ion of the s t imulus . 
Section V I I o n flower development is 
in t roduced b y A. H . Ha levy ' s rev iew on 
Assimilate a l locat ion and flower deve lopmen t 
pos tu la t ing the regu la to ry role of specific 
ca rbohydra t e c o m p o n e n t s in f lower develop-
m e n t . T h e subsequent two papers i n t h i s 
sec t ion (The regulation of assimilate p a r t i t i o n 
and inflorescence d e v e l o p m e n t in the t o m a t o 
— b y Morris, D. A. a n d Newell , A. J . ; F l o w e r 
d e v e l o p m e n t in t he bu lbous Iris — b y 
E l p h i n s t o n e and Rees, A . R . ) could v e r y wel l 
h a v e been included in t h e Section VI. 
FVom the present s t a n d p o i n t , in S e c t i o n 
V I I I . E v a n s , L. T. m a k e s an a t t e m p t t o 
env i s ion the future. T h e p a p e r e n t i t l e d T o w a r d s 
a b e t t e r unde r s t and ing a n d use of the p h y -
s io logy of flowering c a n t h u s be cons idered 
as a synops is of the v o l u m e . Some i n t e r e s t i n g 
d a t a f r o m this p a p e r : since 1971, 26 000 
p a p e r s concerned w i t h f lowering have b e e n 
p u b l i s h e d , about 8000 of which are on d a y -
l e n g t h a n d 800 on verna l iza t ion . Some p r o -
mis ing subti t les of th is c h a p t e r : Lessons f r o m 
n a t u r a l variat ion, Man ipu l a t i on by se lec t ion 
a n d breed ing , E n v i r o n m e n t a l , chemical m a -
n i p u l a t i o n , M a n a g e m e n t practices, T i m e 
m e a s u r e m e n t in l eaves , Transmission f r o m 
leaf t o shoot apex, I s t h e medium the m e s -
sage, Morphogens or in i t i a to r s of t r a n s c r i p -
t ion c lear ly reveal the complex i ty of the t o p i c . 
I t is also relevant t h a t " s o m e of our c u r r e n t 
m y t h o l o g i e s " can o n l y be overcome b y 
a sk ing new kinds of quest ions a b o u t t h e 
f l o w e r i n g process, a n d b y applying n e w 
e x p e r i m e n t a l t echniques including the neces -
si ty t o gain a molecu la r foothold on t h e 
f l o w e r i n g process. 
All in all, the M a n i p u l a t i o n of f l o w e r i n g 
is a precious source of informat ion f o r all 
t h o s e interested in b o t h theoretical a n d 
p r a c t i c a l aspects of t h i s f ield. By p r o v i d i n g 
a comprehens ive s u r v e y of a wide r a n g e of 
s u b j e c t s pertaining t o t h e man ipu la t ion of 
th i s v i t a l physiological process of p l a n t s , I 
w a r m l y recommend t h i s vo lume as a v a l u a b l e 
r e f e r e n c e to ag ronomis t s , hor t i cu l tu r i s t s , 
gene t i s t s , plant physio logis ts and p l a n t 
b reede r s . 
A . M Á T H É 
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Plant physiology 
IMPROVEMENT IN THE MAGNESIUM SUPPLY 
OF APPLE ORCHARDS USING DOLOMITE 
J . P A P P 
F R U I T P R O D U C T I O N D E P A R T M E N T OF T H E U N I V E R S I T Y OF H O R T I C U L T U R E 
A N D FOOD I N D U S T R Y , B U D A P E S T , H U N G A R Y 
(Received 9 Apr i l , 1987; a c c e p t e d 28 Apri l 1987) 
I n a f ru i t -y ie ld ing a p p l e orchard e s t ab l i shed on s a n d y soil with a low p H a n d 
poor m a g n e s i u m supply , s t u d i e s were m a d e o n t h e effect of fer t i l iza t ion w i t h 2 t / h a or 
4 t / h a d o l o m i t e or 5 t / h a p o w d e r e d l i m e s t o n e on changes in t h e p H value a n d m a g n e -
s ium c o n t e n t of t h e soil a n d t h e t rend in t h e macro-e lement con t en t of t h e l e a v e s and 
f r u i t . 
T h e soil amel io ra t ing e f fec t of d o l o m i t e fer t i l izat ion w a s subs tan t ia l o n l y in t h e 
u p p e r 0 - 2 0 c m soil layer . D o l o m i t e t r e a t m e n t s s ignif icant ly ra i sed the a m o u n t of r ead i ly 
ava i lab le m a g n e s i u m in t h e soil in all t h r e e l aye r s examined ( 0 - 2 0 cm, 20-40 c m , 4 0 - 6 0 
cm). T h e increase of t h e m a g n e s i u m c o n t e n t in the soil w a s considerable e v e n i n t h e 
yea r of app l i ca t ion . 
T h e seven-year e x p e r i m e n t p r o v e d t h a t dolomite c a n be successfully u s e d to 
i m p r o v e t h e basic m a g n e s i u m supply of t h e soil in o rchards w h e n ground to a d i a m e t e r 
of 0.2 m m o r less. The dec rease in t h e c a l c i u m content of t h e apple leaves i n d i c a t e s , 
however , t h a t care m u s t be t a k e n to e s t a b l i s h t h e q u a n t i t y of do lomi te to be d i s t r i b u t e d . 
Otherwise , t h e r e m a y be a n excessive i n c r e a s e of the a v a i l a b l e magnes ium c o n t e n t in 
t h e soil. 
K e y w o r d s : apples , Malus domestica, fe r t i l iza t ion , Mg-supp ly , ava i l ab le m a g n e -
s ium 
Introduction 
In the course of intensive fruit production the total magnesium, and 
more specifically the available magnesium content, in the soil may decrease to 
such an extent that the magnesium supply to the fruit trees will be deficient. 
There is less danger of this in soils rich in colloids and organic matter. 
In Hungary a relatively large area of apple orchards is situated on acidic 
sandy soil wi th poor buffering capacity. Magnesium deficiency is often observed 
in these orchards since the magnesium extracted by the apple trees, or washed 
out of the soil by precipitation, cannot be replaced from the mineral particles 
in the soil. 
The reduction in the magnesium supply of the apple orchards is n o t only 
due to an impoverishment in the magnesium content of the soil. Over the last two 
decades unfavourable changes in the magnesium supply of orchards can be 
chiefly associated with high doses of potassium fertilizer. In apple orchards 
with acidic soil, poor in exchangeable magnesium content , "induced" magne-
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sium deficiency brought about by excessive potassium fertilization may occur 
suddenly from one year to the next. 
Although magnesium deficiencies in apple orchards can be easily and 
efficiently cured by the use of readily soluble fertilizers or foliar spraying, t h e 
application of ground minerals which release their magnesium contents s lowly 
may be preferable for a number of reasons. One such mineral is dolomite, 
available in large quantities everywhere. Because of its composition (CaMgC03) 
it increases not only the magnesium, but also the calcium content of the soil, 
thus exerting a considerable ameliorative ef fect . 
References to and experimental data on the use of dolomite in improving 
the magnesium supply of orchards are t o be found in the publications of 
BOYNTON a n d O B E R L Y ( 1 9 6 6 ) , CHILDERS ( 1 9 7 6 ) , DRAHORAD ( 1 9 7 8 ) , P A P P e t a l . 
( 1 9 8 3 ) , SADOWSKI e t a l . ( 1 9 7 6 ) a n d W R I E A R ( 1 9 7 8 ) . 
In the course of the experiment, answers were sought t o the fol lowing 
questions : 
— Were the chosen ground dolomite products suitable for increasing the p H 
value and available magnesium content of the apple orchard ? 
— To what extent did the magnesium dissolve out of the amount of dolomite 
applied and did it have a permanent e f fect ? 
— Did the use of dolomite cause an undesirably high increase in the mag-
nesium content of the soil or of the leaves or fruit of the apple trees ? 
The d o l o m i t e fer t i l iza t ion e x p e r i m e n t was a r r a n g e d in the spr ing 1979 on the D e b r e c e n 
S t a t e F a r m , in N o r t h e a s t e r n H u n g a r y . T h e apple o r c h a r d was es tabl ished in 1963 wi th J o n a -
t h a n and S t a r k i n g var ie t i es p l an ted i n rows a t a d i s t a n c e of 7 . 0 x 4 . 3 m . T h e stock was M 4 . 
T h e orchard has loose s a n d y soil w i t h a m e a n p H v a l u e ( K C l ) of the 0 - 6 0 c m soil profi le of 4 .3 
a n d a n organic m a t t e r con ten t of 0 . 3 % . T h e orchard w a s n o t i r r igated a n d t h e mean a n n u a l 
r a t e of p r ec ip i t a t i on w a s 562 m m . 
Ground d o l o m i t e wi th a d i a m e t e r of 0.2 m m w a s used in the e x p e r i m e n t . The m a j o r 
c h e m i c a l c o m p o n e n t s were as fol lows: 
F o u r t r e a t m e n t s w e r e applied in t h e e x p e r i m e n t : 
(1) Unfe r t i l i zed 
(2) 2 t / h a d o l o m i t e 
(3) 4 t / h a d o l o m i t e 
(4) 5 t / h a p o w d e r e d l imestone. 
T h e t r e a t m e n t s were a r ranged in a r a n d o m b l o c k design wi th f o u r repl icat ions . T h e 
a r e a of each p lo t w a s 0 .3 ha. 
A f t e r t h e e x p e r i m e n t began , t h e e f fec t of t h e t r e a t m e n t s was c h e c k e d annua l ly f o r 
e a c h p lo t . Studies w e r e m a d e on changes i n t h e soil of t h e o r c h a r d , also t h e l e a v e s and t h e f r u i t 
of t h e apple t rees . 
Dur ing t h e p e r i o d f rom 1979 t o 1985 the t r e a t m e n t s were r e p e a t e d in t h e a u t u m n of 
1981 a n d 1983. T h e g r o u n d dolomite w a s d i s t r ibu ted o n t h e surface of t h e soil and p l o u g h e d 
t o a d e p t h of 15 -20 c m . 
Material and methods 
M g O 
C a O 
A U 0 3 
S i O , 
21% 
2 9 % 
0 . 2 5 % 
0 . 3 2 % 
0 . 0 2 5 % 
0 . 3 7 % 
0 . 1 3 % 
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Results 
The present paper demonstrates the e f fec t of the t rea tments on certain 
soil characteristics and on the macroelement content s of the l eaves and fruit o f 
t h e apple trees, averaged over t h e seven years of the exper iment . The experi-
m e n t a l data p r o v i d e both a d irect and indirect indication of t h e changes in t h e 
magnes ium supply of the apple orcharad due t o the treatments . 
The effect o f fertilization w i t h dolomite and powdered l imestone on t h e 
p H of the soil a n d on the ava i lab le phosphorus and magnes ium contents are 
summarized in T a b l e 1 as a 7 - y e a r average. 
Table 1 
Effect of feitilization with dolomite and powdered limestone on the pH value and available phos-
phorus and magnesium contents of the soil, averaged over seven years, Debrecen State F a r m , 
1979-1985 
Treatment 
p H P . O . Mg 
(in KCl) 
p p m 
(1) U n t r e a t e d 
(2) 2 t / h a dolomite 
(3) 4 t / h a dolomite 
(4) 5 t / h a powdered l i m e s t o n e 
0—20 cm 
soil layer 
4.3 
5.4 
5.6 
5.8 
168 
216 
174 
18.3 
34 
93 
90 
9.5 
L S D 6 % 0.2 18.3 9.5 
• 
(1) U n t r e a t e d 
(2) 2 t / h a dolomite 
(3) 4 t / h a dolomite 
(4) 5 t / h a powdered l imes tone 
20—40 cm 
soil layer 
4.2 
4.3 
4.3 
4.6 
107 
119 
96 
142 
34 
61 
54 
40 
L S D 6 % 0.2 17.8 8.2 
(1) U n t r e a t e d 
(2) 2 t / h a dolomite 
(3) 4 t / h a dolomite 
(4) 5 t / h a powdered l imes tone 
40—60 cm 
soil layer 
4.2 
4.3 
4.2 
4.3 
70 
74 
60 
65 
32 
62 
54 
40 
L S D s % n.s . n.s . 8.7 
As the resu l t s of d o l o m i t e treatment t h e p H value o n l y rose s igni f icant ly 
compared t o t h e control i n t h e top 0 — 2 0 c m surface soi l layer. Treatment 
w i t h 5 t/ha powdered l i m e s t o n e s ignif icantly increased t h e p H value of the 
orchard soil i n b o t h the 0 — 2 0 cm and the 2 0 — 4 0 cm layers , compared t o the 
other t rea tments . 
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As expected, the ground dolomite s ignif icantly increaed the available 
magnes ium content in all three soil layers (0—20 c m , 20—40, 4 0 — 6 0 cm). 
The increase was greatest in the 0—20 c m layer, into w h i c h the do lomi te was 
ploughed. Compared t o t h e unferti l ized and powdered l imestone treatments , 
the dolomite treatments s ignif icantly increased the magnes ium content in all 
the soil layers, resulting in magnesium contents favourable for s a n d y soils. 
Table 2 
Effect of fertilization with dolomite and powdered limestone on the macroelemls in the 
leaves of"Johalhan" and "Starking" apple trees (% dry matter) D e b r e c e n S t a t e F a r m , 
1979-1985 
Treatment 
N p к Ca Mg 
J s J S J S J s J S 
Unfe r t i l i zed 2.63 2 .58 0.150 0 .150 1.30 1.56 1.12 1.03 0 .300 0.33 
2 t / h a do lomi te 2.50 2.57 0.149 0 .160 1.28 1.48 1.07 1 . 0 0 0.32 0.33 
4 t / h a do lomi te 2.63 2 .54 0.146 0 .160 1.33 1.47 1 .08 1 . 0 0 0.32 0.34 
5 t / h a powdered 
l imes tone 2.57 2 .58 0.149 0 .160 1.27 1.53 1.17 1.09 0.31 0.33 
L S D 5 % 0.09 n . s . n.s . n . s . n .s . n.s. 0 .07 0.08 n .s . n .s . 
N o t e : J = " J o n a t h a n " , S = " S t a r k i n g " 
Compared t o the control the avai lable phosphorus content by do lomite 
t rea tments was increased in t h e 0—20 cm soil layer and b y powdered l imes tone 
t r e a t m e n t in the 0—20 cm and 20—40 cm layers. 
Table 2 contains data on the macroelement content s of the l e a v e s of 
" J o n a t h a n " and "Starking" apple trees. T h e dolomite and powdered l imes tone 
t rea tments showed only v e r y comparat ive ly slight differences in t h e soil. 
For the majori ty of nutrients only ins ignif icant effects cou ld he demonstrated 
for b o t h varieties. The only effect s igni f icant at the L S D 5 % level for b o t h 
variet ies was t h e reduction in t h e calcium content of the l eaves after do lomi te 
ferti l ization, compared wi th t h e powdered l imestone t rea tment . This indicates 
t h a t great care must be t a k e n when determining the dolomite rate. W h e n 
Table 3 
Effect of dolomite and powdered limestone on the macroelement contents of "Jonathan" apples 
(mg/100 g freesh mass) Debrecen S t a t e F a r m , 1979-1985 
Treatment N p к Ca Mg 
Unfer t i l i zed 36.4 7.2 141.8 5 .3 6.6 
2 t / h a dolomi te 43 .3 7.2 104.5 5 .8 6.1 
4 t / h a do lomi te 41.9 7.3 122.1 5 .1 6.6 
5 t / h a powdered l imes tone 42.6 8.0 118.3 5.6 6.2 
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higher dolomite rates are appl ied the increase of the available magnes ium 
content m a y impair the calc ium uptake of the apple trees , due to ion antag-
onism. 
The effect of dolomite and powdered l imestone fert i l izat ion on the macro-
element contents of " J o n a t h a n " apples is summarized in Table 3. Compared t o 
the unfertil ized treatment , b o t h dolomite and powdered l imestone t rea tments 
increased the nitrogen content of the fruit and reduced the ir potassium content . 
The treatment with powdered l imestone also increased t h e phosphorus content 
of the apples. The effect of the fert i l izat ion treatments o n the calc ium and 
magnesium contents of the fruit is contradictory. 
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QUANTITATIVE VARIATIONS OF SOME VOLATILE 
COMPOUNDS IN VARIOUS ONTOGENETICAL 
PHASES OF MATRICARIA CHAMOMILLA L. 
(СНА MO M ILLA RECUTITA (L.) RAUSCHERT) 
GROWN IN PHYTOTRON 
G . MARCZAL a n d G . PETRI 
S E M M E L W E I S M E D I C A L U N I V E R S I T Y , I N S T I T U T E OF M E D I C I N A L 
PLANTS A N D D R U G S , B U D A P E S T , H U N G A R Y 
(Received 28 M a r c h 1986; a c c e p t e d 10 November 1986) 
I n r e p r o d u c t i v e and v e g e t a t i v e o rgans of 3 chemotypes of chemomile g r o w n in 
p h y t o t r o n , q u a n t i t a t i v e v a r i a t i o n s of some biological ly ac t ive vo la t i l e c o m p o u n d s in 
cer ta in p h a s e s of ontogeny w e r e s tud ied . I n t h e reproduc t ive o r g a n s t h e an t iph log i s t i c 
c o m p o n e n t s — except b isabolo loxide-A — w e r e found to increase in t h e per iod of fu l l 
f lowering, whi le t h e b isabolo loxide-A showed m a x i m u m va lue in t h e phase of de f l o -
rescence. T h e m a x i m a of en - in -d icyc loe the r s w i t h spasmolyt ic e f f e c t were m e a s u r e d in 
t h e b u d or in t h e initial p h a s e of f lowering. I n t h e vegeta t ive o r g a n s t h e en- in-d icyclo-
e thers were t h e only biological ly ac t ive c o m p o n e n t s found in l a r g e r quan t i t i e s , w i t h 
m a x i m a in t h e phase of f l o w e r i n g . 
K e y w o r d s : chamomi le , Matricaria chamomilla L., Chamomilla recutita (L . ) 
Rausch . , vo l a t i l e oils, on togenes i s 
Introduction 
Authors concerned with quantitative variations in the essential oil 
composition of chamomile give account f irst of all of variations in the azulene 
content of the inflorescence. Kaiser and Hasenmeyer (1956), Schenk and 
Frömming (1958), Schantz and Salonen (1966), Karawya et al. (1968), Kiszeleva 
et al. (1969) obtained maximum azulene content in full f lowering. Stieber et al. 
(1979) observed an increase in the number of glandular hairs containing 
proazulene, l ikewise in the period of full f lowering. 
The improvement of phytoanalyt ical methods has made it possible to 
follow the quantitative variations of almost all major essential oil components 
(Fig. 1). Franz (1980) used gaschromatography to fol low the variations of 
bisabolol derivatives, azulene, pharnesene, and of en-in-dicycloethers in the 
inflorescence. 
He found that the (—)-a-bisabolol content reached its maximum in the 
bud, and from that stage on, through full flowering up to deflorescence showed 
a steady decrease. This process was the opposite of the variations of bisabolol-
oxides, the quantity of which continuously increased from the bud stage, 
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Fig. 1. Main c o m p o n e n t s of e s s e n t i a l oil in c h a m o m i l e 
to reach maximum generally in the period of deflorescence. According t o his 
observations the en-in-dicycloether showed the highest values at the bud stage, 
from then on its level gradually decreased unti l the stage of full flowering to 
become higher again by the t ime of deflorescence. These tendencies showed 
slight differences depending on the chemotype examined. 
From his experiments Franz concluded that the senescence of the inf lo-
rescence involved a simultaneous increase in the quantity of oxygen-containing 
volatile compounds. 
In our experiments the variations of (—)-a- bisabolol-, bisabololoxide-, 
t-/S-pharnesene and en-in-dicycloether contents in different development 
phases of the inflorescence of various chamomile chemotype raised in phytotron 
were observed and compared with the results obtained b y Franz in f i e ld 
experiments. 
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T a b l e 1 
Programme for phytotron experiment 
Daya 
No. 
Day-time Temperatur«, °C Relative humidity Illumination 
lux max. Beginning End Day Night Day Night 
28 3 " 1 630 16 15 65 75 20,000 
14 2 « 1 6 « 17 15 65 75 20,000 
14 2« 1 7 I 5 18 15 65 75 20,000 
7 200 1 7 30 19 15 65 76 16,000 
7 200 1 7 30 20 15 65 76 16,000 
7 215 1 730 21 16 65 76 16,000 
7 200 1 7 30 22 17 65 76 16,000 
7 1« 1 7 30 23 17 65 76 16,000 
2 200 1 7 30 24 18 65 76 16,000 
Beginning of t h e expe r imen t : 23 March 1977 
E n d of t h e e x p e r i m e n t : 18 J u l y 1977 
T y p e of f l uo re scen t t u b e : G r o - L u x (WS) 
The vegetat ive organs were also examined for quanti tat ive variations in 
tqS-pharnesene, spathulenol and en- in-dicycloethers — 3 main components 
occurring in the inflorescence too — during s o m e characteristic ontogenetic 
phases of the plant. 
Material and methods 
T h e e x p e r i m e n t s w e r e carr ied o u t w i t h t h e fo l lowing chamomi le c h e m o t y p e s : 
(1) Bisabolol t y p e (col lected in H o r t o b á g y , ( B H ) . * ) On a 3 -year a v e r a g e t h e p l a n t s 
c o n t a i n e d 110.50 m g % (—)-a-bisabolol a n d 27 mg % azu lene . 
(2) P roazu lene t y p e ( f rom Soroksá r , 40/S 1 0 ) . I t is a s t a t e reg is te red H u n g a r i a n v a r i e t y . 
I t s a z u l e n e con ten t on a 3 - y e a r average w a s 89 .90 m g % a n d i t s b isabolol c o n t e n t 25.62 m g % . 
(3) P roazu lene t y p e ( f r o m D a r á n y p u s z t a / K o ) On a 3 -yea r ave rage i t s azu lene c o n t e n t 
w a s 48 m g % , and i t s b i sabo lo l c o n t e n t 21 .4 mg % . 
T h e p r o g r a m m e a p p l i e d , while t h e p l a n t s were r a i s ed in p h y t o t r o n is g iven in T a b l e 1. 
T h e t i m e s of co l lec t ing are shown in T a b l e 2; a n d t h e p e r c e n t a g e v a l u e s in t h i s t a b l e 
show h o w m a n y of t h e p l a n t s examined w e r e t h e n in t h e r e spec t ive d e v e l o p m e n t phases ( leaf-
r o s e t t e , b u d init ial f l o w e r i n g , ful l f l o w e r i n g , de f lo rescence , f ru i t ripening). S o m e 20 p l a n t s 
f r o m e a c h period were chosen for e x a m i n a t i o n . The p l a n t s were p r o p a g a t e d b y sowing . T h e 
se lec ted p l a n t m a t e r i a l w a s r educed t o o r g a n s and d r ied a t r o o m t e m p e r a t u r e o v e r t w o w e e k s . 
T h e essent ial oil c o n t e n t was e x t r a c t e d w i th a m o d i f i e d fo rm of t h e vo l a t i l e oil d is t i l l ing 
a p p a r a t u s of t he V I . H u n g a r i a n P h a r m a c o p o e i a , f u r n i s h e d wi th a d o u b l e cooling s y s t e m t o 
e l i m i n a t e losses of vo la t i l e oil. Dis t i l l a t ion f r o m 2-10 g d r u g s depend ing o n t h e p a r t of p l a n t , 
w i t h 500 m l w a t e r a d d e d t o t h e m took 2.5 h o u r s . A f t e r cool ing t h e e s sen t i a l oil was re leased 
f r o m t h e a p p a r a t u s w i t h n - p e n t a n e , s e p a r a t e d f rom t h e w a t e r in a s h a k e r , t h e n t h e o r g a n i c 
s o l v e n t w a s r emoved a n d t h e res idue of e s sen t i a l oil w e i g h e d . 
T h e analys is of t h e essent ia l oil c o m p o s i t i o n w a s car r ied ou t b y g a s c h r o m a t o g r a p h y 
e l a b o r a t e d a t t h e I n s t i t u t e of Medicinal P l a n t s and D r u g s of t he S e m m e l w e i s Medical Un i -
v e r s i t y . T h e q u a n t i t a t i v e eva lua t i on of t h e c o m p o n e n t s w a s m a d e b y a n i n t e r n a l s t a n d a r d 
m e t h o d (Verzár a n d P e t r i , L e m b e r k o v i c s , 1976). 
* Region in E a s t e r n H u n g a r y . 
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Table 2 
Harvesting times of chamomile types grown in phytotron and respective stages of ontogenetic 
development (the percentage values show how many of the plants were in the development phase 
indicated at the time of harvesting) 
Plant Time of
 2 6 , h 49th 90th 100th 137th 
material sowing —_— 
26 Februar day after sowing 
B H Vegeta t ive phase , Bud s tage Flowering Flowering Deflores-
average number phase phase cence 
of leaf-roset te: 
5 (100%) (69.80%) (94.56%) (92.50%) (69.41%) 
s « Vegeta t ive phase, Bud s tage Bud stage Bud stage Deflores-
average n u m b e r cence 
of leaf roset te : p h a s e 
6 (100%) (64.70%) (80%) (90.48%) (50%) 
K D Vegetat ive phase, Bud s tage Flowering Flowering Deflores-
average phase phase cence 
number of phase 
leaf-roset te : 
5 (100%) (59.80%) (62.27%) (91.30) (93.10%) 
Plant Time of
 2 6 t h 173rd 214th 229th 268th 
material sowing  
26 Februar day after sowing 
в
н 
Vegeta t ive phase , Deflores- Deflores- Fru i t ripen- F r u i t ripen-
average number cence phase cence phase ing phase ing phase 
or leaf rose t te 
5 (100%) (100%) (80%) (100%) (100%) 
4^(1 Vegeta t ive phase, Deflores- Deflores- Fru i t ripen- F r u i t ripen-
average n u m b e r cence phase cence phase ing phase ing phase 
of leaf-roset te 
6 (100%) (98.18%) (69.00%) (80.00%) (100%) 
K D Vegeta t ive phase Deflores- Deflores- Fru i t ripen- F r u i t ripen-
average number cence phase cence phase ing phase ing phase 
of leaf-roset te 
5 (100%) (20%) (80.00%) (90.00%) (100%) 
Results 
From the main components of the f loral essential oils in the case of S4 0 
and K D the m a x i m u m of chamazulene was measured at the beginning of 
f lowering while for B H only in the phase of full f lowering. The highest value 
of (—)-a-bisabolol was determined in full f lowering for all the three chemo-
types . Of the bisabololoxides, bisabololoxide В showed the m a x i m u m in the 
phase of full f lowering while bisabololoxide A in the period of deflorescence 
(Fig. 2). 
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T h e quanti ty of t-/S-pharnesene of the two chamazulene chemotypes was 
largest in the hud s tage , while of the В н it gave t h e highest value in the phase 
of deflorescence. Af ter tha t it decreased, only t o rise again b y the t ime of 
fruit ripening. 
Increases in t h e quant i ty of en- in-dicycloethers were observed partly in 
the period of budding (S4 0 , B H ) and part ly in t h e initial phase of f lowering 
(KD)- F r o m this peak t o the t ime of fruit r ipening, their quantit ies gradually 
decreased (Fig. 3). 
T o those variat ions as fol lowed b y us in t h e vegetat ive organs, no refer-
ence in the l iterature has been found so far. So t h e quantitat ive variat ions of 
t-/?-pharmasene, spathulenol and en- in-dicycloethers in the root and in t h e 
s tem and leaf during the ontogenetic phases in quest ion are f irst ment ioned 
b y us. 
I n the root of b o t h S4 0 and K D t-/3-pharasene reached its m a x i m u m in t h e 
period of f lowering. From the v e g e t a t i v e leaf-rosette stage t o budding i ts 
quant i ty decreased, t h e n up to the phase of f lowering it showed a gradual 
increase followed b y a sharp reduction b y the t i m e of deflorescence. The process 
was similar in the case of В н except t h a t the m a x i m u m here was observed in 
the vege ta t ive phase . 
The quant i tat ive variations of en- in-dicycloethers matched wi th those of 
t-/S-pharnasene. The highest values were measured in the phase of f lowering . 
However , one single opposite variat ion was not iced. Namely , t h e quant i ty of 
en-in-dicycloethers showed a slow increase from deflorescing t o fuit ripening, 
which was not observed for t-/ l-pharnesene. 
The least variat ions during the ontogenet ic development was not iced in 
the case of spathulenol . I t s quanti ty from the vege ta t ive stage t o fruit ripening, 
or in K D to deflorescing, steadily decreased. I n the latter chemotype , f rom 
deflorescing to fruit ripening a slow increase in i t s quantity could be observed 
(Fig. 4) . 
The variations followed in t h e s t e m and leaf were similar t o those t a k i n g 
place in the root. The highest va lue of t-/?-pharnesene was obtained in the 
v e g e t a t i v e phase (except for K D ) . I n t h e case of K D the m a x i m u m was measured 
in t h e period of f lowering. Altogether the t-/?-pharnesene content showed the 
fo l lowing trend: f r o m the vegetat ive s tage t o budding it gradually decreased, 
t h e n b y the t ime of f lowering it rose; from t h e n on it decreased again t o a 
nearly steady level maintained unti l t h e t ime of fruit ripening. 
The variat ion of en-in-dicycloethers showed a similar trend. Maxima 
were measured in the vegetat ive s tage for В н and S40 , and in the phase of 
f lower ing for K D . 
The spathulenol content s teadi ly decreased from the vegeta t ive phase to 
fruit ripening, before flowering at a slower, and after f lowering, at a faster rate 
(Fig . 5). 
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Fig. 2. Quan t i t a t i ve var ia t ion in essential oil componen t s of inflorescence in some phase of ontogenet ic deve lopment ( m g % ) 
1 = budd ing ; 2a = beginning of f lowering; 2b = ful l f lowering; 3 = deflorescence; 4 = f ru i t r ipening. A = bisabololoxide-A. 
В = bisabololoxide-B 
mg*/. 
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Fig. 3. Q u a n t i t a t i v e var ia t ion in essential oil componen ts of inflorescence in some phase of on togene t ic deve lopment ( m g % ) 
l a = budd ing , t h e l igulate f lowers have not developed y e t ; l b == budd ing , t h e l igulate f lowers h a v e appeared ; 2a = beginning 
of f lowering, t he l igulate f lowers have opened, t he t u b u l a r f lowers are closed; 2b = full f lowering, t he l igulate f lowers are 
ou t s t r e t ched , t h e t u b u l a r f lowers open; 3 = deflorescence; 4 = f ru i t r ipening. A = chamazulene ; В = (—)-a-bisabolol; С = 
= t-/3-farnezene; D = en-in-dicycloethers 
Fig. 4. Quan t i t a t i ve var ia t ion in main components of essential oil in the root in some phases of ontogenet ic deve lopment ( m g % ) 
1 = vegeta t ive ( leaf-rosette) s tage; 2 = budd ing ; 3 = full f lowering; 4 = deflorescence; 5 = f ru i t r ipening. A = en-in-dicycloethers 
В = spathulenol С = t-jö-farnesene 
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Fig. 5. Q u a n t i t a t i v e var ia t ion in main componen t s of essential oil in t he s tem and leaf in some phase of ontogenet ic deve lopment 
(mg%) . 1 = vege ta t ive (leaf-rosette) s tage; 2 = budd ing ; 3 = ful l f lowering; 4 = deflorescence; 5 = f ru i t r ipening. A = en-in-
-dicycloethers В = spathulenol С = t-/5-farnesene 
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Table 3 
Comparative examination of the morphological quality between 
Height (cm) Ramification Inflorescence-bud 
Daránypusz ta ( P h y t o t r o n ) 
Daránypusz ta (Cont ro l ) 
Hor tobágy ( P h y t o t r o n ) 
Hor tobágy (Control) 
"Soroksár i 40" ( P h y t o t r o n ) 
"Soroksár i 40" (Cont ro l ) 
48.40 5.936 6.20 
53.60 7.432 6.70 
29.00 2.828 4.00 
22.80 4.935 13.00 
57.40 3.638 6.80 
65.00 6.403 4.90 
2.821 50.70 7.110 
1.900 73.60 12.190 
1.182 39.00 8.143 
3.660 53.20 14.030 
1.939 23.80 6.415 
1.700 48.90 16.270 
During t h e ontogenetic deve lopment of each of the three chemotypes 
there was a l inear correlation be tween the quantit ies of t-/S-pharnesene and 
spathulenol: 
B H r = 0.937 n = 5 
s 40 r 0.986 n = 5 
K D r = 0.962 n = 5 
Conclusions 
A comparison between our phytotron experiments and t h e f ie ld experi-
m e n t s of Franz (1980) has led t o t h e following conclusions: 
The m a x i m u m of the azulene content in either case was measured in an 
earlier or later phase of f lowering depending on t h e chemotype. I n the azulene 
chemotypes , peak values were a lready obtained in the initial phase of f lowering. 
In our experiments , as opposed to the results of Franz (1980), (—)-a-
bisabolol accumulat ion was observed in the s tage of full f lowering. Furthermore, 
differences were found between t h e two bisabololoxides as regards the period 
of accumulat ion; bisabololoxide A and В reached m a x i m u m in different 
development phases . 
The highest values of en-in-dicycloethers were found in bud stage in both 
experiment series, but the increase described b y Franz as characteristic of the 
phase of def lorescence was not observed in our experiments. 
Variations in the vegetat ive organs concerned 3 characteristic components 
occurring in the inflorescence t o o : the t-/?-pharnesene, the spathulenol and the 
en-in-dicycloethers . According t o our observations the quant i tat ive variations 
of t-/3-pharnesene and en-in-dicycloethers were t h e opposite of those found in 
t h e inflorescence. 
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in-phytotron, respectively out door growing chamomile types 
Dry matter (g) of Dry matter (g) Dry matter (g) 
Bud-number 100 inflorescence of s tem and leaf of the root 
per plant 
X 9 X 9 X • 
24.40 8.114 2.56 0.470 4.77 0.859 3.11 0.958 
5.00 3.430 3.45 0.262 6.56 2.570 1.10 0.376 
19.50 6.888 1.73 0.077 2.86 0.526 1.78 1.090 
— — 2.00 0.043 3.03 2.890 1.36 0.761 
17.10 4.948 3.03 0.384 6.30 1.320 3.26 0.799 
7.20 0.820 3.94 0.075 5.95 2.748 0.70 0.232 
Acknowledgements 
On complet ing o u r work we are to express our t h a n k s t o S. Ra jk i , D. academician and Mrs 
S. R a j k i , D. cand ida te in biological sciences, for their p lac ing t he p h y t o t r o n of t he Mar ton-
vásár Agricul tural Resea rch Ins t i tu te of t h e Hungar ian A c a d e m y of Sciences a t our disposal 
and se t t ing up the p h y t o t r o n p rogramme. 
References 
F r a n z , Ch. (1980): C o n t e n t and composi t ion of the essential oil in flower heads of Matricara. 
chamomilla I., d u r i n g its ontogenet ica l deve lopment . Acta Horticulturae 96, 317-31Í9 
Kaiser H . , Hasenmeye r , G. (1956): Unte r suchungen über die Azulenbi ldung bei Matricaria, 
chamomilla L. Arch. Pharm. 289, 681-695. 
K a r a w y a , A. K. E. , S v á b , J . , F a h m y , T . (1968): A bis tochemical s tudy of Matricaria chamo-
milla L. Planta Med. 16, (2), 166-173. 
Kiszeleva, E. J . , R y b a l k o , K. S., Loshkarev , P . M.—Glazova, M. V. (1969): I z m e n e n i e szoder-
zsanie efirnogo masz la i hamazulena v romaske a p t o c s n o j (Matricaria chamomilla L.) 
V tecsenie vegetac ionnogo per ioda . Farmacija (Moscow) 18, 4, 34-39. 
Schan tz , G., Salonen R . (1966): Un te r suchungen über den Ölgehal t und die Gesamtazu len-
menge wäh rend de r En twick lung der B lü tenkörbchen von in F innland wi ldwachsender 
Kamil le . Scientia Pharm. 34, 3, 177-184. 
Schenk, G., F r ö m m i n g , K . H . (1936): ö l - und Azulengehal t von Matricaria chamomilla in 
verschiedenen B lü tens t ad ien . Arch. Pharm. 289, 4, 200-203. 
St ieber , Gy. , Lassány i , Zs., Tyihák , E . (1979): A Chamomil lae en thod ium (flos) i l lóolajkivá-
lasiztó rendszerének vizsgálata. I I . A p rokamazu l én t a r t a l om vál tozása a kamil lavirág 
m rigyszőreiben az egyedfej lődés során (Study of t h e essential oil secret ing sys tem of 
Chamomil lae e n t h o d i u m (flos). I I . Changes in t h e p rochamazu lene con ten t of t he glan-
du la r hairs of chamomi le f lowers dur ing the on togene t i c development) . Herba Hung., 
18, 1, 27-39. 
Yerzár -Pe t r i , G., Lemberkov ics , É . (1976): Gázkromatográ f i á s el járás a kami l lao la j kva l i t a t í v 
és k v a n t i t a t í v v izsgála tára (Qua l i t a t ive and q u a n t i t a t i v e analysis of chamomi le oil b y 
gas c h r o m a t o g r a p h y ) . Acta Pharm. Hung. 46, 129-143. 
2* Acta Agronomica Hung. 37, 1988 

Acta Agronomica Hungarica 37 (3—4), pp. 209—213 (1988) 
NONDESTRUCTIVE PROMPT NEUTRON ACTIVATION 
TECHNIQUE FOR DETERMINING BORON UPTAKE 
AND DISTRIBUTION IN PLANTS 
A . S . SZABÓ* a n d I . L . SASHIN** 
• U N I V E R S I T Y O F H O R T I C U L T U R E A N D FOOD I N D U S T R Y , FOOD C H E M I S T R Y D E P A R T M E N T , 
B U D A P E S T , H U N G A R Y 
• • J O I N T I N S T I T U T E FOR N U C L E A R RESEARCH, L A B O R A T O R Y OF N E U T R O N PHYSICS, 
D U B N A , U S S R 
(Received 3 Apr i l 1987; a c c e p t e d 13 J u l y 1987) 
A sens i t ive i n s t r u m e n t a l p r o m p t a c t i v a t i o n me thod — based on t h e 1 0 B / n , 
a / 'L i n u c l e a r reac t ion — w a s appl ied for b o r o n d e t e r m i n a t i o n , u s i n g a pulsing r e a c t o r 
as a n e u t r o n source . The t e c h n i q u e was used f o r de te rmin ing b o r o n u p t a k e a n d d i s t r i -
but ion b y m a i z e and b e a n . 
K e y w o r d s : ac t i va t i on analys is , bean , b o r o n , maize, n e u t r o n ac t iva t ion , p r o m p t 
nuclear t e c h n i q u e , r a d i o g r a p h y 
Introduction 
For almost 80 years it has been known that boron is one of the essential 
trace elements for plants. Under Central European conditions, boron is the 
most important of the microelements for t h e growth development, yield and 
quality of cult ivated plants (Mengel, 1972). Below the minimum values of 
boron concentration (e.g. for barley 2 ppm, for cucumber 15 ppm, based on 
dry weight of the leaves) symptoms of boron deficiency — leaf chlorosis and 
necrosis — appear (Bowen, 1977). 
Boron deficiency can be observed in many cases, e.g. soils in high 
rainfall areas are often dificient in boron. But fertilization wi th boron is rather 
difficult because excessive boron is toxic to plants, and the interval between 
deficiency and excess is narrow. 
The biological role and the transport of boron in plants have not been 
completely clarified (Bogáncs et al., 1979; Varró et al., 1982; Krakkai and 
Körösi, 1983; Artez et al., 1984). This lack of knowledge is probably l inked 
with the fact that boron is rather difficult to analyse, and the determination of 
boron in the ppm concentration range requires very sensitive analytical 
techniques. 
In the following, a nondestructive prompt neutron activation technique 
(INAA) will be described, which is also suitable for analysing plant samples 
with very low boron concentrations. 
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Material and methods 
T h e p r o m p t n e u t r o n a c t i v a t i o n t e c h n i q u e w a s utilized t o d e t e r m i n e t h e b o r o n con-
c e n t r a t i o n a n d d i s t r i bu t ion in l e a v e s of b e a n (Phaseolus vulgaris) a n d maize (Zea mays) 
p l a n t s , g rown in n u t r i e n t so lu t ions . T h e bo ron w a s a d d e d to t h e K n o p solution in t h e fo rm 
of H 3 B O j . T h e t r e a t m e n t s were c a r r i e d out w i t h s ix-week-old p l a n t s (3 leaves age) . 
A f t e r t h e t r e a t m e n t s t h e l e a v e s were c u t f r o m t h e s tem a n d d r i e d a t room t e m p e r a t u r e . 
T h e samples w e r e p repared a t t h e Un ive r s i t y of Agr icu l tura l Sc iences , Gödöllő, H u n g a r y . 
F o r t h e b o r o n m e a s u r e m e n t s , 3 d i f f e ren t m e t h o d s , based o n t h e 1 0B/n, a / 7 Li nuc l ea r 
r e a c t i o n , were app l i ed . Since t h e s e m e t h o d s w e r e descr ibed in d e t a i l in our p r e v i o u s work 
( B o g á n c s e t al . 1979; Szabó e t a l . 1980; Szabó 1981) , he re only some essen t ia l po in t s a r e given. 
Because of t h e ve ry h igh c ross sect ion ( ~ 3 8 0 0 b a r n ) of th i s (n , a ) reac t ion t h e m e t h o d s , 
b a s e d on t h e I 0 B / n , a / 'L i r e a c t i o n , a re sensi t ive . T h e m e a s u r e m e n t s , us ing a t i m e of f l igh t 
t e c h n i q u e on t h e I B R - 3 0 pu l s ing r e a c t o r , were c a r r i e d ou t in t h e J o i n t I n s t i t u t e f o r N u c l e a r 
R e s e a r c h , D u b n a , U S S R . 
The f i r s t m e t h o d was t h e d e t e c t i o n of t h e p r o m p t a -pa r t i c l e s , p roduced in t h e l n B / n , 
a / ' L i nuc l ea r r e a c t i o n , wi th a s u r f a c e ba r r i e r sil icon d e t e c t o r in a v a c u u m c h a m b e r . T h e t h e r m a l 
n e u t r o n f l u x a m o u n t e d to ~ 1 0 6 n • c m - 2 • s _ 1 a t t h e measur ing p l a c e . 
T h e second m e t h o d w a s n e u t r o n - i n d u c e d a - r a d i o g r a p h y , u s i n g a solid s t a t e t r a c k 
d e t e c t o r ( t y p e : LR-115) . This S S T D consists of a t h i n sensit ive ce l lu lose n i t r a t e l a y e r o n an 
i n e r t po lyes t e r s h e e t . These m e a s u r e m e n t s were c a r r i e d ou t in a p a r a f f i n box — n o t in t h e 
d i r e c t n e u t r o n b e a m — where t h e a v e r a g e t h e r m a l n e u t r o n f lux r e a c h e d 10 'n • c m - 2 • s _ 1 . 
T h e t h i r d m e t h o d was t h e d e t e c t i o n of p r o m p t y- rays f r o m t h e 1 0 B/n, a / ' L i r e a c t i o n , 
w i t h a h igh r e so lu t i on Ge(Li) d e t e c t o r . 
Results and discussion 
Table 1 shows the boron concentration in maize leaves as a funct ion of 
the boron concentration in the nutrient solution, duration of the treatment and 
place of the leaves on the stem. The boron content of the leaves increased with 
the concentration in the nutrient solution and duration. I t can be seen t h a t the 
plants absorb the boron easily, and the uptake can be far greater (also phyto-
toxic) than the real physiological need. Results show t h a t the translocation 
between the leaves is small, or the older leaves absorb less than the younger 
ones (Table 1). 
"We also investigated the surface boron distribution of the leaves (Figs 
1, 2 and 3). I t can be seen t h a t — if the boron concentration of the leaves is 
Table 1 
Boron concentration in maize leaves in 1020 В atom • cm~3 unit 
Boron concentration in the 
Duration Leaf position Knop nutrient solution 
of treat-
 o n , t e m (ppm) 
ment 
100 10 l control 
24 Upper leaf 
Lower leaf 
1.92 
1.19 
0.57 
0.22 
0.28 
0.10 
0.15 
0.07 
72 Upper leaf 
Lower leaf 
8.57 
2.20 
0.79 
0 .46 
0.65 
0.19 
0.35 
0.15 
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Fig. 1. Hal f b e a n leaf ( t rea ted 72 h in nu t r ien t so lu t ion with 1000 p p m boron) inves t iga t ed by 
a - r ad iography . T h e arrow shows t h e direction of t h e measurement on Fig. 2. Whi t e f ie ld — 
high b o r o n content ; b lack f ie ld — low boron con t en t 
Fig. 2. S u r f a c e boron d i s t r ibu t ion broadwise on t h e half bean leaf X — distance in m m f rom 
t h e centre to t h e edge of the leaf N — number of de t ec t ed d- t racks 
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ваг , Al t H ^ H 
f -wt 
/V 
• 
H k ШВЯШ^Шш 
.л . • 
Ш/ШШШя^ ШяШВЁшШшШш 
Fig. 3. Surface b o r o n dis t r ibut ion alongside the half b e a n leaf X — d i s t ance in mm to t h e 
peak of t he leaf N — number of de tec t ed d- t racks 
much higher t h a n the physiological requirement -— the distribution is not 
homogeneous: at the edges and the peak of t h e leaves the boron concentration 
is significantly greater. The accumulation of boron at the edges and the peak of 
the leaves depends on the transpiration intensity . 
The boron concentration on both sides of the leaves was also measured, 
(Table 2). Al though the mean surface concentrations on every measured leaf 
Table 2 
Surface boron concentration on the right (sunny) and back (shady) sides of bean leaves 
1020 В atom • cm'3 unit 
• , Side Boron concentration 
sample 
1 Right 0.464 + 0.028 
Back 0.538 + 0.116 
2 R igh t 1.056 + 0.132 
Back 1.136 + 0.120 
3 R igh t 0.559 + 0.035 
Back 0.578 + 0.043 
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were, in general, 5 - 1 0 % greater on the back, in consequence of t h e error 
l imits of t h e determination these differences are not s ignif icant. 
I t is mentioned, tha t the boron determination l imit of the f irs t method 
(measuring the a-particles with silicon detector) was 2 .10 ~7 g, by a-radiography 
~ 0 . 2 p p m , and by y-spectrometry ^ lO^ig . (Table 2). 
Conclusion 
As a conclusion i t can be established that th i s instrumental nuclear 
technique provides t h e possibil ity of investigating the uptake, transport, 
distribution and translocation of boron in plants. Us ing the prompt neutron 
act ivat ion method, based on the nuclear reaction 1 0 B/n , a/7Li, boron deter-
minat ion is possible even in the case of small plant samples or very low boron 
content . 
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(Rece ived 20 N o v e m b e r 1985; accepted 23 J a n u a r y 1986) 
The g e r m i n a t i o n pe rcen tage of cold tes t w a s de t e rmined as an ind ica tor of 
m a i z e seed v igour . T h e seeds of t w o hybr ids were p r o d u c e d a t v a r i o u s locat ions of 
c e n t r a l and s o u t h e r n H u n g a r y , in 1982 and 1983. W e a t h e r cond i t i ons dur ing these 
g rowing seasons in f luenced t h e seeds produced, especia l ly in 1983, which had t h e 
e f f ec t of d rough t s t r e s s (low ra in fa l l and high t e m p e r a t u r e ) . T h e e f f ec t of t h e locat ion 
a n d year was h i g h l y s ignif icant o n t h e seed v igour of hyb r id ma ize . There fore , seed 
v i g o u r of each h y b r i d mus t be e v a l u a t e d in several loca t ions over m o r e t h a n two years , 
f o r t h e selection of genotypes t o l e r a n t t o stress cond i t ions . 
Keywords : ma ize , Zea mays L. , seed v igour , cold t e s t , m a c r o - e n v i r o n m e n t a l 
condi t ions 
Introduction 
Seed vigour is a desirable trait in virtually all cultivated crops. Seedmen, 
seed technologists and plant breeders have conducted a search for the basis of, 
and a testing procedure for, increased seedling vigour. A number of laboratory 
tests such as the cold test have been proposed for its evaluation, and they 
continue to be used as vigour indices (Burris 1975). The cold test is one of the 
oldest methods of stressing seeds and is most often employed for evaluations of 
the seed vigour in corn (McDonald, Jr. 1980). A cold test method has been 
adopted in many countries where maize is sown in early spring, when tempera-
tures are low, to provide a reliable prediction of f ie ld emergence. Therefore it is 
necessary to carry out a test under suboptimal conditions, and the cold test 
has been used widely for this purpose by plant breeders (Jugenheimer 1958; 
Tovmasjan 1965). 
Isely (1950) s tated that the emergence of maize in cool, wet soils depends 
not only on inherited characteristics but on m a n y external factors which 
inf luence the seed quality. Svien and Isely (1955) and Rice (1960) studied 
variations in the environmental conditions to which seeds are exposed during 
the cold test and t h e y found that , in addition to the temperature and length 
of t i m e it was imposed, and mode of sowing the seeds, soil characteristics such 
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Table 1 
Monthly amount of precipitation and mean of 
Precipitation (mm) 
Location Year * 
I V V V I V I I V I I I I X Total 
Mezőfalva 82 32 47 45 212 72 16 424 
83 26 80 29 11 31 28 206 
Törökszentmiklós 82 39 75 45 69 39 34 301 
83 41 44 55 29 30 61 260 
H i d a s h á t 82 51 27 117 72 39 32 338 
83 31 47 78 34 51 66 307 
Hódmezővásár - 82 36 10 85 99 40 9 279 
hely 83 32 39 45 27 51 58 252 
Bóly 82 35 19 123 90 71 13 351 
83 25 33 94 27 46 69 294 
Mean 82 38.6 35.6 83.0 108.4 52.2 20.8 338.6 
83 31.4 48.6 60.2 25.5 41.8 56.6 263.8 
as moisture content , origin, condit ions of storage and microbial populations 
were all factors inf luencing the magni tude and reproducibil ity of t h e results. 
Comparative laboratory and f ie ld experiments b y Ader (1977) h a v e shown 
t h a t under certain environmental condit ions there are close relations between 
t h e results of the cold test and the f ie ld emergence. In a series of experiments 
over three years at t w o locations, Fiala (1978) showed highly significant 
pos i t ive regressions between the number of vigourous seedlings in t h e cold test 
and f ie ld emergence, a l though (Burris 1977) ment ioned that t h e failure to 
relate seedling vigour to yield has been equated with the failure of a laboratory 
tes t t o predict the seedling vigour. 
Kramer (1959) described drought as a severe def ic iency of soil moisture 
which brings about an internal water deficiency in plants tha t ult imately 
results in reduced plant growth. He added that atmospheric factors such as 
h igh temperature, low humidi ty , and wind may intens i fy the injurious effects 
of water stress through an increased rate of transpiration. The acute deficien-
cies in moisture supply resulting from a temporary but severe drought can 
h a v e disastrous effects . A drought during the seed development period usually 
interrupts the seed deve lopment and results in l ight, shriveled seeds (Delouche 
1980). 
Comstock and Moll (1963) classif ied environments in t w o categories 
macro- and micro-environmental variations. Macro-environmental variation is 
caused b y f luctuat ion in variables which have a large and easily recognized 
var iat ion (i.e. year, location, fert i l i ty , sowing dates, plant density); whereas 
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temperature for each location and year* 
Location Year 
Temperature (°C) 
IV V V I VII V I I I I X T o t a l 
Mezőfalva 82 7.8 15.9 18.7 19.8 20.2 13.8 100.7 
83 12.5 17.0 18.4 23.2 20.6 15.9 107.6 
Törökszentmiklós 82 8.3 16.9 19.9 21.9 21.0 19.2 106.3 
83 12.9 17.9 19.1 22.7 21.0 16.7 110.3 
Hidashát 82 7.9 16.8 19.5 20.4 20.7 9.4 104.7 
83 12.5 17.5 18.6 22.0 20.2 15.9 106.7 
Hódmezővásár- 82 8.1 17.9 20.2 20.6 20.6 19.2 106.5 
hely 83 13.2 18.1 19.0 22.9 16.4 110.6 
Bóly 82 8.8 17.5 20.9 21.3 21.1 20.1 109.7 
83 13.6 18.0 19.2 23.1 21.2 16.9 112.0 
Mean 82 8.2 16.9 19.8 20.8 20.7 16.3 105.6 
83 12.9 17.7 18.8 22.8 16.4 109.4 
*(re. Central Meteorology Ins t i tu te , Budapes t ) 
micro-environmental variat ions arise f r o m plant-to-plant variations w i t h i n the 
macro-environments. Moreover, the differences in c l imate between growing 
seasons in the production areas of different cultivars m a y be ref lected in 
variations in seed qual i ty . The environmental conditions under which a seedl ing 
is grown inf luence the morphological and physiological properties of the seed. 
But other properties are also inf luenced, such as the heal th condition of the 
seed. The environmental conditions, a complex of interact ing factors, v a r y 
considerably from year t o year and local i ty to local i ty (Bekendam 1975). 
The only control a plant breeder has in regard to the year is the length of t i m e a 
cultivar can be tested; however, locations, can be varied in number, c a n be 
divided in to regions, and can be selected t o measure speci f ic traits. This jus t i f i e s 
a greater emphasis on interactions invo lv ing cultivars and locations t h a n that 
for cult ivar X year interact ions (Horner and Frey 1957; Faing et al. 1966 and 
Campbell and Lafever 1977). Therefore the primary purpose of this invest i -
gation was to study t h e effect of environmental variables , including loca l i ty 
and crop year on the germination percentage of cold tes t , as an indicat ion of 
the seed vigour in hybrid maize. 
Material and methods 
T h e maize seeds of t w o cul t ivated h y b r i d s were used P ionee r 3901 SC and P ionee r 
3732 SC. T h e seed samples were obtained f r o m f ive locations Mezőfa lva , Törökszen tmik lós , 
Hidashá t , Hódmezővásá rhe ly and Bóly in cen t ra l and sou thern H u n g a r y dur ing 1982 and 
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1983. All ag r i cu l tu ra l processes w e r e carried out a n d seed samplings were collected according 
t o the s t anda rd procedure used a t each location. T h e r e may have been slight differences in 
methods , b u t i t w a s assumed t h a t t h e relative d i f fe rences in the hyb r id seeds' response were 
cons tan t . In gene ra l , weather cond i t ions were n o r m a l for the growing season of 1982 w i t h 
respect to all m e n t i o n e d locations, b u t were a b n o r m a l in 1983, when t h e rainfal l was low a n d 
t h e t empera tu re h igh (dry season or d rought s tress) , as is shown in T a b l e 1. 
After h a r v e s t and drying, f o u r seed samples were taken at r a n d o m f rom each loca t ion 
t o determine t h e cold test as a seed vigour ind ica tor . This exper iment was designed in a r a n -
domized comple te block, with f o u r replications, w h e r e four de t e rmina t ions of cold t e s t pe r 
each sample a v e r a g e d as one r ep l i ca te value. Thus , f o u r replications were considered for each 
locat ion. In a d d i t i o n , the locat ions a n d years were considered as 10 d i f f e ren t e n v i r o n m e n t s 
f o r each h y b r i d . 
Cold test method 
This t e s t p rovides a reliable predict ion for f ie ld emergence. There fo re , in the p re sen t 
work , seeds were sown in rolled p a p e r soil, placed in cold conditions (10 °C) and la ter t r a n s -
fe r red to a high t e m p e r a t u r e (25 °C) favourable for germina t ion . I t was carr ied out accord ing 
t o t h a t which is normal ly used a t t h e Ins t i tue for P l a n t Product ion a n d Qual i f icat ion ( B u d a -
pes t ) , and has b e e n described in de t a i l by Fiala (1981). The replication va lue was c o m p u t e d 
o v e r four rep l ica tes of 50 seeds pe r s a m p l e of each t r e a t m e n t and was expressed as a pe rcen tage 
germina t ion . 
The d a t a w e r e subjected t o a combined ana lys i s , to determine re la t ive magn i tudes of 
pe r t inen t v a r i a n c e components , w h e r e it was a s sumed t h a t the hybr id and location e f fec t s 
were fixed and t h e year was r a n d o m . The means were compared using t h e L L S D tes t a t t h e 
5 % level of p r o b a b i l i t y . 
Resul ts and discussion 
The w e a t h e r conditions during both cropping yers were substantial ly 
different. Precipitat ion and temperature , however , are the on ly factors consid-
ered here (Fig . 1). During 1982 i t was cool w i t h normal precipitation during 
t h e seedling s t a g e , and moderate with lower precipitation demands in the f irst 
period of the v e g e t a t i v e stage. T h e precipitation was higher during the f lowering 
a n d lower during grain maturat ion. In 1983 i t was relatively warmer with lower 
moisture d e m a n d s during the seedling stage and flowering. In September 1983 
a normal a m o u n t of rain fell at t h e last period of the grain f i l l stage. This m a y 
appear to in f luence the v igour of seed produced which had already been 
determined for all locations. These atmospheric factors were also different 
f r o m location t o location, as s h o w n in Fig. 2. The precipitation distribution at 
t h e f ive locat ions of the s t u d y are representat ive of the normal variation in 
1982, but it w a s below normal in 1983. For example , the Mezőfalva location 
h a d abundant seasonal precipitat ion in 1982 and had an abnormally lower 
seasonal precipitat ion in 1983. I n relation t o t h e heat requirement, each s tage 
of t h e growing season varied w i t h i n a relatively narrow range. Comparably 1983 
w a s considered a dry season, w i t h a higher t h a n ideal temperature which led t o 
drought stress. 
The data of cold test response of hybr ids appeared similar for b o t h 
y e a r s at all locat ions . Then t h e combined analys is of variance above years and 
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Fig. 1. Monthly m e a n of daily air t e m p e r a t u r e (T), a n d a m o u n t of p rec ip i t a t ion (P) ave raged 
over loca t ions f rom sowing t o harvest in 1982 ( ) and 1983 ( ) 
locations was based on the expec ted mean square, as shown in Table 2. F - v a l u e 
for location and year were signif icant and highly s ignif icant , respectively. 
Also, the relative magnitude of the variance component for year and locat ion 
were much greater than those for hybrid and interaction effects . The inter-
act ion of (hybrid X location) indicated tha t there was no response of t h e 
genotypes to t h e change in t h e different locat ions . It would appear that th i s 
environment has no affect u p o n the variation between the t w o hybrids used. 
The significance of the locat ion effect indicates that the maize seed v igour 
responded to t h e change in t h e f i v e location condit ions. The variation b e t w e e n 
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1982 1983 
Mezőfalva Törökszentmiklós Hidashat Hódmezővásárhely Bóly 
Fig. 2. The t o t a l amount of prec ip i ta t ion and m o n t h l y mean of t e m p e r a t u r e for t h e period 
from April t o Sept . , 1982 a n d 1983 at f ive loca t ions 
both hybrids was significant at (P = 10%). This would indicate that the 
magnitude of genetic variation was inconsiderable, though it differed in the 
tested environments. It m a y he concluded that the maize seed vigour was 
mainly affected by the location of the seed production and partially b y the 
genetic variation. 
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Table 2 
Combined analyses of pertinent variance components for seed vigour of two maize hybrids 
in five locations over two crop years 
s . o V. d.f. M. S. Expected M. S. for A . , 
В fixed end С r a n d o m F-value 
Hybrid ( H ) 1 25.31 ere2 + r lK 2 HY + r l y K 2 H H / H Y 93.9 + 
Location (L) 4 354.70 ere2 + rhK 2 LY + r h y K 2 L L/LY 8.4* 
Year (Y) 1 221.11 ere2 -f- rhloY2 Y / E 2587.1** 
H x L 4 22.47 ere2 + r K 2 H L Y + r y K 2 H L H L / H L Y 3.3N S-
H x Y 1 0.32 ere2 + r lK 2 HY H Y / E 2.9N .S . 
L + Y 4 96.08 ere2 + rhK 2 LY L Y / E .225.7** 
H x L x Y 4 18.72 ere2 + r K 2 H L Y H L Y / E 22.9** 
Error (E) 57 3.43 ere2 
C.V. = 2 % 
+. *. ** = Signif icant a t the 0.1, 0.05 and 0.01 levels of probability, 
respectively. 
N . S . = Not s ignif icant . 
The seed vigour of 1982 could be considered much bet ter than t h a t of 
1983 owing t o the weather conditions. H o w e v e r , relative differences b e t w e e n 
the two hybrids were consistent in both years , as indicated b y an insignif icant 
(hybrid X year) interaction. In other words , there w a s no indication of 
(hybridx X year) interaction. Conversely a highly s ignif icant year ef fect was 
found. Regarding the h igh ly significant interaction of (location X year) and 
(hybrid X locat ion X year), th i s indicates t h e importance of determining t h e 
seed vigour of hybrid maize at several locat ions over a f e w years, to o v e r c o m e 
such compl icated interactions. In general th i s can exp la in the contradictory 
data on seed vigour t h r o u g h the relative magnitude of variance component s 
for the s tud ied variables. 
The means of germinat ion percentage of cold t e s t (seed vigour) for the 
two hybrid seeds, at f i v e locations during t h e two years, are presented in Table 
3. It is obv ious that the seed vigour var ied s ignif icantly f r o m season t o season 
and from one location t o another and responded to the change in the environ-
mental condit ions. Since t h e seed vigour reached its m a x i m u m value a t the 
location of Mezőfalva, t h e minimum appeared at Hódmezővásárhe ly i n both 
1982 and 1983. However , drought stress in the 1983 s e a s o n had s igni f i cant ly 
depressing effects at t h e Törökszentmiklós , Hidashát a n d Hódmezővásárhe ly 
locations. The stress environment is d e f i n e d as the one i n which mean perform-
ance for a certain at tr ibute is low. Consequently , it m a y be concluded t h a t the 
environment of Mezőfalva and Bóly cou ld be considered as non-stress environ-
ments , whereas the other locations c a n be considered as stress environments 
for the seed vigour of t h e hybrids used. I n addition, w h e n considering t h e seed 
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Table 3 
Means for percentage germination of cold test for maize hybrid seeds measured in the year 
of 1982 and 1983 at five locations of Middle and South Hungary 
Hybrid 
Location 
Cropping 
Year 
Mezőfalva Törökszent-
miklós Hidasból 
H ó d m e z ő -
vásárhe ly Bóly 
mean 
1982 97.2 '* 92.3"* 91.3°de 90 .8 d " 92.3 92.8 
Pi 3901 1983 97.3* 86.3«" 86.5«h 84.0h 93.8b0 89.6 
Sc Mean 97.3 89.3 88.9 87.4 93.0 91.2 
1982 96.8* 89.8d" 90 .3 d " 89 .5" 93.3° 91.9 
Pi 3732 1983 96.0*b 88.3" 85.0h 75.51 96.0b* 88.2 
Sc M e a n 96.4 89.0 87.6 82.5 94.6 90.0 
Mean 1982 97.0 91.0 80.8 90.1 92.8 9 2 . 3 
1983 96.6 87.3 85.8 79.8 94.9 8 8 . 9 
Grand m e a n 96.8 89.1 88.3 84.9 93.3 90.6 
* Followed b y the same l e t t e r are not s igni f icant ly different a t t h e 5 % level of p r o b -
ability (LSD = 2.6) 
LSD»
 0 i % f o r (Location) = 1.3 LSD0 0 5 % fo r ( L x Y) = 1.9 
L S D 0 0 s % f o r (Year) = 1.2 LSD0 0 5 % f o r ( Y x H ) = 1.2 
LSD0 ;0 6 % f o r (Hybrid) = 1.2 LSD0;0 5 % f o r ( H x L X Y ) = 2.6 
vigour for e a c h year, it w a s observed t h a t no apparent s ignif icant d i f ference 
occurred b e t w e e n the two hybr ids within e a c h location. H e n c e , the resu l t s of 
Pi 3901 Sc w a s equal or somewhat greater than of Pi 3 7 3 2 Sc everywhere 
except at t h e Bó ly location, where Pi 3901 Sc was less, and (hybrid X locat ion) 
interaction w a s insignificant. On the o t h e r hand, there w a s a s igni f icant 
difference b e t w e e n the t w o years , since t h e seed vigour w a s lower in the 1 9 8 3 
crop year. Moreover, the range of the seed v igour variation w a s greater u n d e r 
t h e drought stress in 1983 t h a n under the n o r m a l conditions of the 1982 season . 
T h e hybrids, w i th in each year , were not s ignif icantly di f ferent , due t o in-
signif icance of (hybrid X year) interaction. 
The d r o u g h t stress during the 1983 s e a s o n caused s ignif icant reduct ion 
of the seed v igour at different stages of g r o w t h in comparison wi th the normal 
condit ions of t h e 1982 season (Fig. 1 and Tab le 3). The drought during t h e 
growing season substantial ly reduced the s e e d vigour for m o s t locations, b u t 
d id not s igni f icant ly affect t h e Mezőfalva a n d Bóly locat ions . Which w a s 
probably due t o the s imulated rainfall b y a sprinkler in t h e s e latter regions . 
I n general seed vigour is s igni f icant ly lower in a dry year t h a n in a year of 
adequate rainfall (Fig. 3). I t is evident that t h e vigour response was substan-
t i a l l y different among the locat ions in 1983, and differed s l ight ly from one 
locat ion to another in 1982. H i g h temperature m a y also reduce t h e seed v igour 
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Fig. 3. Means of cold tes t percent for maize seed produced in 1982 and 1983 at f ive locations of Middle 
and South Hungary 
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b y accelerating t h e leaf senescence and shortening the period f r o m flowering 
t o harvest . Furthermore, t emperature affects t h e growth in m a n y ways, from 
roo t growth, nutr ient uptake, a n d water absorpt ion to photosynthes is , res-
p irat ion and translocat ion of photosynthet ic products. Nevertheless , the 
intermediate precipitat ion produced large seeds. However , it w a s assumed that 
y i e lds under wel l -watered condi t ions could be increased, if t h e seeds were 
comple te ly f i l led. Thus , these d a t a support t h o s e reported b y Horner and 
F r e y (1957), Laing e t al. (1966) Bekendam (1975) , and Campbell and Lafever 
(1977) . 
Additionally, cold tolerance (the ability o f a genotype t o emerge from 
t h e soil and to grow vigorously af terward in cold soi l and air temperature) is a 
t ra i t that should be considered important for m a i z e breeding programs in cool 
areas. In this respect , Mock and McNeil l (1979) f o u n d that t h e seedling's cold 
to lerance was not associated w i t h t h e vegetat ive vigour of juven i l e plants, the 
f lower ing date, or t h e mature p lant height, indicat ing that good seedl ing vigour 
w a s related to h igh grain yield. O n the other h a n d , they noted t h a t cold toler-
a n c e response was n o t generally re lated to the geographical l o c a t i o n of adap-
t a t i o n . Consequently, it should b e possible to d e v e l o p suitably to lerant geno-
t y p e s adapted t o all latitudes of maize growing through a seed improvement 
programme. The results obtained here revealed t h a t he maize s e e d vigour was 
h i g h l y affected b y t h e change of weather from one season to another more than 
t h e effect of locat ions . Nevertheless , the interact ion between macro-environ-
m e n t a l variables w a s very e f fect ive on the seed v igour trait. 
Clearly, it cou ld be proposed tha t climatic conditions (precipitation and 
temperature) during the seed deve lopment and t h e postmaturation-preharvest 
per iod have a great inf luence on t h e quality of s eed harvested. R a r e or frequent 
rainfal l combined w i t h high temperature resulted i n rapid losses o f t h e viability 
a n d vigour of seed in standing p lants of maize . I n conclusion, the climatic 
components of environmental are probably the m o s t important determinants 
in t h e location of maize seed product ion . Complications may arise due to the 
genotypes which respond di f ferent ly to the c h a n g e of those environmental 
condit ions that in f luence the physiological s tatus of the plant, especial ly during 
i t s seed development . Accordingly, maize hybrid seeds must be t e s t e d for their 
seed vigour in di f ferent locations o v e r several years , where t h e y c a n be adapted 
t o t h e production locations, to a c h i e v e the target population and t h e maximum 
y ie ld . 
References 
A d e r , F . (1977): Zur Fes t s te l lung der Labor -Le i s tungswer t e v o n Maissatgut u n d ihrer Beziehung 
zu seinem F e l d a u f g a n g bei A n w e n d u n g verschiedener Methoden. Landwirtschaftliche 
Forschung, S o n d e r h e f t 33, (11), 189-201 . 
B e k e n d a m , J . (1975): Germinat ion , Seed Sei. and Technol. 3 , 517-521. 
Acta Agronomica Hung. 37, 1988 
seed vigour of hyb r id maize 225 
Burr i s , J . S. (1975) : Seedl ing v igou r and i t s e f f e c t on field p r o d u c t i o n of corn P r o c e e d i n g s , 
3 0 t h A n n u a l Corn a n d S o r g h u m Res. C o n f . American Seed Trade Association 3 0 , 185-
193. 
Bur r i s , J . S. (1977) : E f f e c t of l o c a t i o n of p r o d u c t i o n a n d m a t e r n a l p a r e n t a g e on s e e d l i n g vigour 
in h y b r i d maize . Seed Sei. and Technol. 5 , 703—708. 
Camphe l l , L . G. , La feve r , H . N . (1977): C u l t i v a r X E n v i r o n m e n t I n t e r a c t i o n s in S o f t Red 
W i n t e r W h e a t Yie ld T e s t s . Crop. Sei. 17 , 4 , 604-608 . 
Coms tock , R . E , Moll, R . H . (1963) : G e n o t y p e - e n v i r o n m e n t a l i n t e r a c t i o n s . National Academy 
of Science, National Research Council, P u b l i c a t i o n 982, 1 6 4 - 1 9 6 . 
Be louehe , J . C. (1980): E n v i r o n m e n t a l e f f ec t s o n seed d e v e l o p m e n t and seed q u a l i t y . Hort. 
Science, 15 , 775-780 . 
F ia la , F . (1978) : E in f lus s d e r K a l i b r i e r u n g au f d e n A n b a u w e r t d e s S a a t g u t e s von H y b r i d m a i s -
s o r t e n . Jahrbuch 1977 der Bundessanstalt für Pflanzenbau und Samenprüfung in Wien, 
112-116. 
Fia la , F . ( 1981 j : Cold t e s t . I n : D . A. Per ry ( ed . ) Vigour test methods, p p . 28-36. I S T A , Zür ich , 
S w i t z e r l a n d . H o e r n e r , T . W . , Frey , К . J . (1957) : Methods f o r de t e rmin ing n a t u r a l areas 
of o a t va r i e t i e s based u p o n k n o w n e n v i r o n m e n t a l va r iab les . Agron. J. 52, 3 9 6 - 3 9 9 . 
I se ly , D . (1950) : T h e cold T e s t f o r Corn. Proc. Int. Seed Test Ass., 16 , 299-311. 
J u g e n h e i m e r , R . W . (1958): Hybrid maize breeding and seed production. Food a n d A g r i c u l t u r e 
O r g a n i s a t i o n . R o m a . 
K r a m e r , P . J . (1959): T r a n s p i r a t i o n and t h e w a t e r economy of p l a n t s . In F. G. S t e w a r d (ed.) 
Plant Physiology. A t r e a t i s e Vol. 2, 6 0 7 - 6 2 6 . Academic P r e s s , Inc . , New Y o r k . 
La ing George , H . L. , H e y n e , E . G. , Wal t e r , T . L . (1966): E s t i m a t e s of v a r i e t y - e n v i r o n m e n t a l 
i n t e r a c t i o n s in yield t e s t a n d thei r s i g n i f i c a n c e in b r e e d i n g p rog rams . Crop Sei. 6, 1: 
1 3 5 - 1 3 9 . 
M c D o n a l d , J r . M. B. (1980): Asse s smen t of Seed Q u a l i t y . Hort. Science, 15, (6) 7 8 4 - 7 8 8 . 
Mock, J . J . , McNei l l , M. (1979) : Cold to le rance of m a i z e inbred l i ne s a d a p t e d to v a r i o u s lati-
t u d e s in N o r t h A m e r i c a . Crop. Sei. 19 , 2 , 239-242 . 
Rice, N . W . (1960) : D e v e l o p m e n t of t he cold t e s t f o r seed e v a l u a t i o n . Proceedings of the Asso-
ciation of Official Seed Analysts, 50, 1 1 8 - 1 2 3 . 
Svien, T . A. , I se ly , D. (1955): F a c t o r s a f f e c t i n g t h e ge rmina t ion of corn in t he co ld t e s t . Pro-
ceedings of the Association of Official Seed Analysts, 45, 8 0 - 8 6 . 
T o v m a s j a n , О. V . (1965): K ä l t e w i d e r s t a n d s f ä h i g k e i t Ke imende r M a i s s a m e n ( R u s s . ) K u r z r e f e -
r a t v o n W . Roder , 1965 in Landwirtschaftliches Zentralblatt 1 1 (7), 1747-1748. 
3 Acta Agronomica Hung. 37, 1988 

Acta Agronomica Hungarica 37 (3—4), pp. 227—231 (1988) 
EFFECT OF THE EXTENT AND TIMING OF 
PRUNING ON THE YIELD OF RASPRERRIES 
AND ON THE MASS OF THE BERRIES 
L . KOLLÁNYI 
E X P E R I M E N T A L STATION OF E N T E R P R I S E FOR D E V E L O P M E N T I N F R U I T G R O W I N G A N D 
O R N A M E N T A L S , FERTŐD, H U N G A R Y 
(Received 10 Apr i l 1986; accepted 27 October 1986) 
The e f fec t of pruning on t h e yield of raspber r ies was i n f l u e n c e d to a cons ider -
able ex ten t b y t h e extent a n d t i m i n g of p r u n i n g . A reduction i n yield was obse rved 
when the canes were pruned d ras t i ca l ly or a t a l a t e r date . More i n t e n s e pruning r e s u l t e d 
in an increase in the mass of t h e berries. Less in tense pruning ( 1 6 % of the to ta l c a n e 
length) carried ou t in early s p r i n g did not lead t o yield reduc t ion . I n fact , p r u n i n g in 
la te December significantly increased the yield compared to t h e unpruned con t ro l . 
Keywords : raspberry, h e i g h t of p runing , t iming of p r u n i n g 
Introduction 
In order to facilitate plant cultivation and harvesting operations, i t is 
advisable to cut back the tops of raspberry canes. From t h e point of v i ew of 
picking and cultivation, the opt imum height is around 1.6 m , but when deter-
mining the extent of pruning t h e condition of the plants cannot be ignored. 
Stronger canes should be pruned to 1.8-2.0 m, while weaker canes can be 
pruned to 1.4-1.5 m. 
Several authors have s tudied the connection between the intensity of 
pruning and the quantity of y ie ld; and it has been found t h a t , the more drastic 
the pruning, the greater the reduction in yield (Brierly 1931, Lott 1931, W o o d 
et al. 1961, Martin et al. 1980, Terretaz 1981, etc.). In contrast to this generally 
accepted view, moderate or s l ight pruning does not a lways result in y ie ld 
reduction (Johnston and Loree 1927, Kollányi 1975). In fac t , in some cases 
the yield rose compared to t h e unpruned control (Popov and Ivanov 1970, 
Rebandel and Przysiecka 1981). These latter data prove t h a t the effect of 
pruning on the yield is not purely a function of the number of fruit buds 
removed. Pruning results in an increase in the mass of the berries (Brierly 1931, 
Hill 1960, Kollányi 1975), in the number of flowers and fruit per cluster 
(Kollányi 1975, 1978, Rebandel and Przysiecka 1981, Redalen 1981) and in t h e 
number of fruit buds which sprout (McDaniels 1922, Kollányi 1975, Rebandel 
and Przysiecka 1981). 
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Favourable changes i n t h e yield components can compensate to a certain 
extent for t h e yield loss caused by t h e removal of s o m e of the fruit buds. 
The current exper iments were in tended to invest igate the effect of earlier 
or later pruning dates on t h e result of pruning. 
Material and methods 
The e x p e r i m e n t was ca r r i ed ou t in Fer tőd in a s t a n d of Mailing E x p l o i t raspberr ies grown 
with a row d i s t a n c e of 2 m t r a i n e d on a trellis s y s t e m . The p lan t s w e r e in a modera t e ly good 
condition. T h e l e n g t h of the c a n e s varied between 1.5 and 1.8 m , w i t h an average of 1.67 m. 
The exper iment was continued f o r th ree years in f i v e replications o n p lo t s 16 m in l e n g t h . An 
average of 200 canes were lef t o n each plot. The y ie ld of the u n p r u n e d control p lots w a s 13.2 
kg, equivalent t o a per hec tare y ie ld of 4.121. T h e canes were p r u n e d in mid-December , then 
prior to sp rou t ing in m i d - F e b r u a r y and early M a r c h , and during s p r o u t i n g in mid-March . In 
a bifactorial spl i t -plot design, i n t ense , modera te a n d weak p r u n i n g w a s carried o u t a t each 
pruning da te , a n d an unp runed cont ro l was also l e f t . Weak p r u n i n g involved c u t t i n g back 
to a length of 1.4 m, modera te p r u n i n g to 1.0 m , a n d intense p r u n i n g to 0.6 m; respect ive ly 
an average 1 6 % , 4 0 % and 6 4 % of the total c a n e length was r e m o v e d . The mass of the 
berries was d e t e r m i n e d on t h e bas i s of three m e a s u r e m e n t s per p l o t , carried out a t t h e begin-
ning, in t he m i d d l e and at t h e e n d of ripening. 
The d a t a were analysed o n t h e basis of t h e bifactorial sp l i t -p lo t design and t h e control 
by means of v a r i a n c e analysis ( S v á b 1973). 
Results 
Signif icant differences were found in all three years at the P0-io/o l eve l for 
the quanti ty of yield, and at t h e P10/o level i n two years a n d at the P5<v leve l in 
one year for t h e mass of t h e berries, b e t w e e n variants pruned to different 
extents. The difference b e t w e e n the yield averages of p l o t s pruned at different 
dates was s ignif icant at t h e P]0/<) level in t w o years and a t t h e P50/o level in one 
year. The e f f ec t of pruning d a t e on the m a s s of the berries was only s ignif icant , 
at the P 5 % l eve l , in one y e a r . 
When comparing the y ie lds of canes pruned to d i f ferent heights, it can be 
seen that t h e y ie ld decreased as a function of the intensity o f pruning. Compared 
t o weakly (1 .4 m) pruned canes , however, t h e yield of moderate ly and intense ly 
pruned canes decreased t o a lesser extent t h a n the l e n g t h of the cane, despite 
the fact t h a t fruit buds were more densely placed on the p a r t s removed t h a n on 
those remaining (Table l a ) . 
An oppos i te effect cou ld be observed for the mass of t h e berries. The more 
intense the pruning, the greater the mass of t h e berries (Table 2). The increased 
mass of the berries compensated to some e x t e n t for the y i e l d loss resulting from 
the reduction in the number of fruit. 
The e f fec t of pruning a lso changed consistent ly as a funct ion of t h e prun-
ing date. The later the pruning was carried out, the greater the reduct ion in 
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Table 1 
Effect of intensity and date of pruning on yield per cane ( 3-year average ) 
(a) Yield reduction as a function of pruning intensity 
Weak pruning (1.4 m) = 100% 
Averaged over 
Pruning Pruning date pruning dates 
intensity,  
Dec. 9 Feb. 16 March 2 March 15 % g/cane 
1.4 100.0 100.0 100.0 100.0 100.0 66 
1.0 87.6 89.7 90.4 90.0 89 .3 59 
0.6 63.0 60.2 55.5 51.6 57.5 38 
LSD 5 % 5.6 3.7 
(b) Yield reduction as a function of pruning date 
December pruning = 100% 
_ Averaged over 
Pruning intensi ty , m pruning intensity 
Pruning date _ 
1.4 1.0 0.6 % g/cane 
Dec. 9 100.0 100. 
Febr . 16 93.1 95. 
Mar. 2 86.3 89. 
Mar. 15 82.1 84. 
0 100.0 100.0 61 
3 89.2 92.5 56 
0 76.0 83.7 51 
3 67.4 77.9 48 
L S D s % 4 .9 3.0 
(c) Yield as a % of the unpruned control 
Average length of unpruned canes: 1.67 m 
Pruning Pruning date 
Dec . 9 Feb. 16 March 2 March 15 
1.4 
1.0 
0.6 
114.0 
100.0 
71.8 
106.2 
95.3 
64.0 
98.4 
89.0 
54.6 
93.7 
84.3 
48.4 
LSDs% = 9 . 1 % between a n y two t r ea tmen t s 
yield. The yield of canes pruned in mid-March was 18—33% lower than that of 
canes pruned in December (Table lb) . 
The effect of the pruning date on the mass of the berries was insignificant, 
but the tendency of late pruning to have an unfavourable effect could be 
observed in all three years. 
The effect of the intensi ty and date of pruning o n the yield was also 
studied in comparison wi th the unpruned control. The unfavourable effect of 
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Table 2 
Effect of intensity and date of pruning on the mass of the berries (g) (3-year average 
Height o f Unpruned Pruning d a t e 
Pruning 
intensity 
X pruning, m control 0 D e c . 9 Feb. 16 March 2 March 15 
U n p r u n e d 0 3.8 
1.4 3.9 3.8 4.0 41. 3.9 
1.0 4 .1 4.2 4.3 4.4 4.2 
0.6 4 .6 4.8 4.9 5.0 4.8 
Pruning d a t e x 4 .2 4.3 4.4 4.5 
LSD s % = 0.32 b e t w e e n any two combinat ions 
LSDj% = 0.17 b e t w e e n the averages of pruning in tens i ty 
T h e difference b e t w e e n t he pruning d a t e averages was insignif icant . 
pruning was s igni f icant when pruning was carried out late . W e a k pruning in 
ear ly spring did n o t lead to y i e l d reduction; in fac t , weak pruning in December 
increased the y i e ld , compared w i t h the unpruned control (Table lc) . E v e n t h e 
la tes t pruning, carried out at t h e most unfavourable t ime, d id not reduce t h e 
y i e ld to an e x t e n t equal to t h e reduct ion in c a n e length. 
The yield loss resulting f r o m the removal of some of t h e fruit buds can be 
compensated for in raspberry plants to s o m e extent by favourable changes 
in other yield components . T h e earlier pruning is carried out , the greater 
e f f e c t it will h a v e on the deve lopment of n e w flowers and fruit , and on t h e 
sprout ing of dormant buds. A t sprouting, pruning has hardly a n y st imulatory 
e f f ec t , since t h e differentiation of the fruit buds is comple te by this date , 
t h i s is no doubt t h e reason w h y pruning at a late date l ed t o a substantial 
reduct ion in y ie ld , compared w i t h the unpruned control. 
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EFFECT OF HARVEST FREQUENCY ON YIELD 
AND QUALITY OF SORGHUM x SUDANGRASS 
HYBRID 
J . LAZÁNYI, В . NAGY a n d G Y , CHRAPPÁN 
R E S E A R C H I N S T I T U T E OF T H E D E B R E C E N A G R I C U L T U R A L U N I V E R S I T Y , K A R C A G , H U N G A R Y 
(Rece ived 20 J u n e 1985; a c c e p t e d 20 October 1986) 
T h e re la t ionship b e t w e e n the g r o w t h r a t e and the c u m u l a t i v e dry m a t t e r c r u d e 
p ro t e in , c r u d e f ibre yield — as inf luenced b y c u t t i n g f r e q u e n c y — was examined f o r t h e 
S o r g h u m X Sudangra s s h y b r i d , " B o v i t a l " . T h e seasonal d i s t r i b u t i o n and a m o u n t s 
of d r y m a t t e r dur ing t h e pe r iod of 140 d a y s f r o m sowing to m a t u r i t y , and t h e c h e m i c a l 
c o m p o s i t i o n of t h e p l a n t s , were closely r e l a t e d t o p l a n t height a n d cu t t ing m a n a g e m e n t . 
K e y w o r d s : S o r g h u m sp. , Sudangrass , h y b r i d " B o v i t a l " , d r y m a t t e r d i s t r i b u t i o n 
Introduction 
Increasing attention for forage use of species in the sorghum genus calls 
for additional information on productiviy of this cultivar in the case of different 
management technologies. 
Burns, Wedin (1964) found that the pasture-stage cut (40-50 cm) y ie lded 
considerably less than the haystage cut (early bloom stage). Worker, Marble 
(1968) studied the digestibility of different stages of Sorghum X Sudangrass 
hybrid and found that the maturation brings progressive changes in chemical 
composition. Edwards et al. (1971) found t h a t the digestible dry matter of the 
Sorghum X Sudangrass hybrid, Sudax Sx-11 , decreased from 90% when plants 
were 30 cm high to less then 60% when p lants were 250 cm high, and remained 
relatively constant for 6 weeks after panicle emergence. 
Similar data were reported by Jdzsa (1976) in Hungary, studying a three-
way cross Sorghum-Sudangrass hybrid; " H y b a r Mv 301." 
Material and methods 
E x p e r i m e n t s were c o n d u c t e d in 1981 to s t u d y t h e growth r a t e a n d chemical c o m p o s i -
t ion of t h e S o r g h u m X S u d a n g r a s s hybr id , " B o v i t a l " . The plots w e r e sown on M a y 7 t h a t 
K a r c a g , 68 k g N p e r hec ta re as a m m o n i u m n i t r a t e a n d 90 kg P 2 O s p e r hec ta re as s u p e r p h o s -
p h a t e were a p p l i e d as basal d ress ing , while 17 k g N p e r hectar were appl ied a f te r t h e s econd 
and th i rd cu t s . A modi f ied sp l i tp lo t t r e a t m e n t i n a r a n d o m i z e d b lock des ign, with f o u r r ep l i c a -
t ions of t h e m a i n t r e a t m e n t s , w a s employed. I n t h e f i r s t m a n a g e m e n t , p lan ts were n o t cu t 
b a c k ; in t h e s econd m a n a g e m e n t , p l a n t s were c u t b a c k to a 10 cm s t u b b l e when t h e y r e a c h e d 
t h e early b o o t s t a g e ; and in t h e t h i r d , p lants w e r e c u t b a c k to a 10 c m s tubb le w h e n e v e r t h e y 
reached 80 c m . E a c h plot was d i v i d e d into 15 u n i t s . 
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Table 1 
Green matter yield, dry matter, crude protein and crude fibre percentage as affected by plant growth of "Bovital" (Sorghum X Sudangrass hybrid) 
1 cut/year 2 cute/year 3 cuts/year 
Days 
after sowing Yield, 
kg/10 m» 
Dry 
matter 
Crude 
protein 
Crude 
fibre Yield, 
kg/10 m 
Dry 
matter 
Crude 
protein 
Crude 
fibre Yield, 
kg/ 10m» 
Dry 
matter 
Crude 
protein 
Crude 
fibre 
30 2.2 18.6 21.6 24.1 2.4 16.6 24.1 25.2 2.4 22.4 24.3 25.6 
40 9.7 17.9 18.3 24.3 10.5 17.1 22.6 24.6 10.7 16.7 20.6 23.8 
50 15.5 18.2 20.8 26.4 20.8 17.4 20.3 21.2 20.8 14.5 19.8 26.4 
60 22.9 17.4 19.6 28.9 33.0 16.7 19.2 20.9 33.8 16.6 19.5 29.9 
70 37.3 18.6 18.5 30.3 37.8 14.3 17.5 27.9 2.8 24.6 21.7 24.3 
80 46.0 18.6 17.1 31.8 54.9 16.2 12.6 23.3 17.0 18.5 19.6 24.7 
90 49.6 21.7 15.7 33.7 2.4 17.3 24.7 24.3 33.2 12.7 18.7 27.3 
100 51.9 24.2 14.1 32.9 9.4 16.2 20.3 24.8 2.0 20.5 203. 24.2 
110 53.3 29.6 12.3 33.8 15.5 17.5 19.1 26.4 6.8 22.5 19.7 26.8 
120 43.9 32.7 10.6 34.7 29.6 15.6 17.6 29.3 23.4 14.5 18.6 26.3 
130 52.9 33.4 9.3 37.1 46.1 18.3 16.2 28.5 29.5 15.6 17.8 28.4 
140 48.9 34.3 8.3 39.2 50.6 15.7 14.3 31.9 38.2 14.8 17.5 28.9 
Table 2 
Effect of harvest frequency on forage yield and quality characteristics of "Bovital" (Sorghum X Sudangrass hybrid) 
1 cut /у ear 2 cuts/year 3 cuts /year 
Leaf Stem Grain 
Whole 
plant Leaf S tem 
Whole 
plant Leaf Stem 
Whole 
plant 
Green yield, kg/10 m2 10.9 34.3 3.7 48.9 76.3 29.2 105.5 43.5 51.7 95.2 
Dry m a t t e r ( % ) 42.1 29.9 74.8 34.3 13.5 22.2 15.9 18.1 12.6 15.1 
Dry m a t t e r yield, kg/10 m2 4.59 10.26 2.77 16.77 10.28 6.49 16.78 7.86 6.54 14.4 
Crude protein (%) 10.8 5.5 12.0 8.3 10.2 17.5 13.0 19.3 17.8 18.6 
Crude protein yield, kg/10 m2 0.496 0.563 0.332 1.391 1.049 2.184 2.184 1.517 1.165 2.682 
Crude f ibre ( % ) 34.7 48.5 — 39.2 26.4 30.8 29.1 26.7 30.5 28.4 
Crude f ibre yield, kg/10 m2 1.593 4.991 — 6.574 1.713 3.169 4.882 2.098 1.996 4.094 
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One uni t was 1.2 m vide, 5 m l o n g a n d consisted of fou r rows. On b o t h sides of the 
p lo t was an unp lan ted row for border p ro t ec t i on . The p lo t was harvested a t in tervals of 10 
d a y s . A sample, of 50 t i l ler , was s epa ra t ed t o component p a r t s : stems, l eaves a n d seeds. The 
leaf coller and inflorescences were i n c l u d e d in the leaf po r t i on . The panic le w a s defined as 
s t e m . Samples were air d r ied , for c rude p r o t e i n and c rude f i b r e de te rmina t ions . 
Results 
The yield data of dry matter, crude protein, crude fibre per cent of Bovital 
Sorghum X Sudangrass hybrid for the three cutt ing managements are pre-
sented in Table 1. The green matter yield increased significantly in the first 80 
days from sowing, until the boot s tage of maturity. From this s tage onward the 
dry matter per cent increased, causing a significant increase in t h e dry matter 
yield. 
From the soft dough stage of maturity the green yield decreased. The 
crude f ibre content increased and t h e crude protein content decreased as harvest 
was delayed. The most marked decrease in crude protein was noted from the 
boot stage of maturity. 
As harvest frequency decreased in this experiment, t h e mean crude 
protein content dropped from 18 .6% to 8.3%. 
In the case of single yearly harvest, the green matter y ie ld was signifi-
cant ly less than in the case of mult ip le harvest. A significant decrease in dry 
matter yield is shown as harvest frequency increased (2 and 3 cuts yearly). 
(Table 2.). 
The Sorghum X Sudangrass hybrid, Bovital , yielded signif icantly less 
dry matter when harvested 3 t imes yearly. 
Crude protein yields differed significantly in the applied management 
techniques. A significant increase in crude protein content could be observed as 
harvest frequency increased; 1391 kg/ha, 2184 kg/ha, 2682 kg/ha respectively 
in case of one, two, and three cuts/year. 
As harvest frequency decreased from three cuts to two cuts , the crude 
f ibre yield increased from 4094 kg/ha to 4882 kg/ha. The highest crude fibre 
content (38.2%) and yield (6574 kg/ha) were observed in the case of single 
harvest . 
Discussion 
Sorghum X Sudangrass hybrids have the potential to produce a large 
amount of highly digestible forage. I t is recognized that the forage production 
and the quality characters are related to management technology. 
Investigations have shown h o w the cutting systems that remove imma-
ture panicles and terminal or auxil iary meristems result in poor subsequent 
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regrowths and low late-season production. Previously uncut plants produced 
about 17 t /ha dry matter during a period of 140 days from sowing until maturi ty . 
The dry matter yield was significantly lower in the case of 3 cuts per year. 
The chemical composition of the p lant was closely related to plant height 
and cutting management; hut crude f ibre content apparently related more to 
age of plant and to proportion of leaves and stem, t h a n either to a m o u n t of 
regrowth or to cutting management. In general the crude f ibre content increases 
as long as the proportion of the stem dry matter increases. 
The crude protein content of the p lant increased as the harvest frequency 
increased. Considering the ranking of management techniques based u p o n the 
yield of crude protein in relation to dry matter and crude fibre y ie ld , the 
management height in yield and dry mat ter tends to be lower in crude protein 
percentage and crude protein yield. This was very evident under t h e third 
management technology, where plants were cut back t o 10 cm stubble each 
time that t h e y reached 80 cm height. 
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UPTAKE OF NITROGEN IN DIFFERENT 
GROWTH PHASES OF RICE THROUGH 
AZOLLA BIOFERTILIZER 
K . R . L A T H A , S . K A N N A I Y A N a n d S . S U B R A M A N I A N 
TAMIL N A D U AGRICULTURAL U N I V E R S I T Y , COIMBATORE, TAMIL NADU, I N D I A 
(Received 11 February 1987; accepted 26 March 1987) 
• 
Two field experiments were conducted during the early and la te wet seasons 
(1984-85) in Tamil Nadu Agricultural University, Coimbators, India , t o study the 
effect of Azolla biofertilizer on t he up take of nitrogen in different g rowth phases of 
rice. Azolla as dual culture, green manure , 75 kg N through different fo rms of urea, 
with Azolla inoculation as dual cul ture , comprised t he treatments. P lan t samples were 
taken at different growth phases, t he N content was analysed and the u p t a k e of N was 
computed. All the treatments recorded higher up take of N than the control. Plots 
t rea ted with 75 kg N as Neem coated urea (NCU) + Azolla (DC) recorded highest 
up take of N during harvest stage in early wet season and also at 75th d a y and harvest 
stage in late wet season. Uptake was higher in the la te than in the ear ly wet season. 
Keywords: rice, Oryza sativa L., Azolla sp., biofertilization, nu t r i en t uptake 
Introduction 
Azolla is a water fern known t o exist in int imate association with the 
cyanobacterium — Anabaena azollae which is capable of fixing nitrogen from 
the atmosphere (Peters, 1975) and is widely used as a potential biofertilizer in 
increasing the grain yield of rice (Kannaiyan, 1981). The utilization of Azolla as 
biofertilizer for rice crop has been well established in recent years (Kannaiyan, 
1985; Liu Chung Chu, 1979 and Watanabe, 1985). Watanabe et al. (1977) found 
that Azolla f ixed about 1.13 kg N h a - 1 day The use of Azolla as green 
manure and also as dual cropping wi th rice has been well documented by 
Lumpkin and Plucknett (1980). Srinivasan (1980) found that Azolla inoculation 
as dual culture wi th rice at 3 t h a - 1 gave a y ie ld increase equal t o that of 
25 kg N h a - 1 . Liu Chung Chu (1979) reported an increase of 18 .6% rice yield 
due t o Azolla application. The present field experiments were conducted to 
s tudy the effect of fertilizer nitrogen and Azolla application on t h e uptake of 
nitrogen in different growth phases of rice. 
Material and methods 
The field experiments were conducted in Tamil N a d u Agricultural Universi ty, Coirn-
botore, India, during the early wet season (November-March) 1984-85 t o study the 
effect of fertilizer nitrogen and Azolla application on the uptake of ni t rogen in dif-
ferent growth phases of rice. Experiments were laid ou t in randomised blocks with 
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four replications. The treatments applied were (i) control, (ii) Azolla pinnata (K, Brown) 
as dual crop at 200 g m - 2 , (iii) Azolla as green manure (10 t h a - 1 , (iv) 75 kg N as prilled urea 
(PU) + Azolla (DC), (v) 75 kg N as urea super granula (USG) -f Azolla DC (vi) 75 kg N as 
NCU + Azolla (DC), (vii) 25 kg N as P U + 25 kg N as U S G + 25 kg N as NCU + Azolla 
(DC). Azolla at 10 t h a - 1 was applied as green manure and incorporated before planting. For 
dual cropping, Azolla a t 200 g m - 2 was inoculated one week after the t ransplant ing of rice. 
Nitrogen as prilled urea was applied in two split doses, half as basal and the remaining half 
a t 20 days after t ransplant ing in the early wet season, and 40 days after t ransplant ing during 
the late wet season. Urea super granule was placed at 10 cm depth between 4 hills of rice 
plants. Neem coated urea was prepared f rom neem cake b y mixing 20% (w/w) neem cake 
powder with prilled urea , and was shade dried for three hours before application. Neem cake 
is the residue obtained f rom the dried f ru i t s of neem t ree (Azadirachta indica) after oil ex-
t ract ion. 
In the early wet season, IR-50 seedlings were t ransplanted with a spacing of 15 X 10 
cm. However, in the la ter wet season, CO-43 seedlings were transplanted wi th a spacing of 
2 0 x 1 0 cm. Plant samples were taken on 45th, 75th days a f t e r sowing and a t harvest stage. 
Nitrogen content of t h e plant samples were estimated b y micro-Kjeldahl method (Yoshida 
et al., 1972) and the u p t a k e of N was computed by multiplying the N content wi th the respec-
tive dry matter product ion, and expressed in kg h a - 1 . 
R e s u l t s 
T h e dry m a t t e r p r o d u c t i o n , t h e u p t a k e o f N and t h e y i e l d i n Azolla-
a p p l i e d p lo t s d u r i n g t h e early a n d l a t e we t s e a s o n s are p r e s e n t e d i n Tables 1, 
2 a n d 3. 
B e t w e e n t h e 4 5 t h day a n d a t t h e 75 th d a y d r y mat ter p r o d u c t i o n w a s 
g r e a t e r i n t h e e a r l y w e t season , w h i l e at h a r v e s t d r y m a t t e r p r o d u c t i o n w a s 
g r e a t e r in la te w e t s e a s o n . A t t h e 4 5 t h day , p l o t s t r e a t e d w i t h 2 5 k g N each as 
P U , U S G , N C U b e s i d e s Azolla, a s dua l crop, r e c o r d e d h i g h e s t u p t a k e on N 
d u r i n g ear ly w e t s e a s o n ; and p l o t s t r e a t e d w i t h 7 5 k g N as N C U + Azolla (DC) 
Table 1 
Effect of fertilizer nitrogen and Azolla on the dry matter production in different growth phases of rice 
Coimbatore, India (1984-85) 
Dry matter production (t h a - 1 ) 
(N kg h a - 1 ) Early wet season (IR-50) Late wet season (C0^13) 
45th day 75th day At harvest 45th day 75th d a y At harvest 
Control 0.85 2.60 5.64 0.48 1.32 8.00 
Azolla (DC) 200 g m " 2 0.97 3.27 6.94 0.61 1.30 8.79 
Azolla (GM) 10 t h a " 1 1.09 3.44 6.95 0.68 1.73 8.78 
75 as PU + Azolla (DC) 1.17 4.32 8.87 0.76 1.59 11.58 
75 as USG + Azolla (DC) 1.47 4.22 9.49 1.02 2.15 11.56 
75 as NCU + Azolla (DC) 1.60 4.37 9.28 0.96 2.44 12.03 
25 as PU -f 25 as USG + 
+ 25 as NCU + Azolla (DC) 1.47 4.12 9.75 0.92 2.05 12.10 
LSD p_0.05% 0.2 0.3 0.8 0.2 0.5 1.2 
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Table 2 
Effect of fertilizer nitrogen and Azolla on yield of rice 
Coimbatore, India (1984-85)" 
Grain yield (kg h a - 1 ) Straw yield (kg h a - 1 ) 
Treatments -
(N kg ha ' ) Early wet season Late wet season Early w e t season Late wet season 
( IR-50) ( « + 1 3 ) ( I R - 5 0 ) (CO-43) 
Control 2269 3218 3140 5003 
Azolla (DC) 200 g m " 2 2844 3694 3809 5301 
Azolla (GM) 10 t h a " 1 2800 3625 4092 5284 
75 as PU + Azolla (DC) 3912 4932 4704 6368 
75 as USG + Azolla (DC) 4347 4817 4812 6515 
75 as NCU + Azolla (DC) 4232 5128 4724 6589 
25 as PU + 25 as USG + 
+ 25 as NCU + Azolla (DC) 4358 5055 4679 6389 
LSD p _ 0 . 0 5 % 258.7 205.0 409.1 310.8 
Table 3 
Effect of fertilizer nitrogen and Azolla on the nitrogen uptake in different growth phase of rice 
Coimbatore, India (1984-85) 
N uptake (kg h a - 1 ) 
Treatments 
(N kg ha-1) 
Early wet season (IR-50) Late wet season (CO-43) 
45th 75th A t harvest 45th 75th At harvest 
day Grain Straw day Grain Straw 
Control 20.7 34.6 18.2 18.4 8.8 16.9 30.0 29.9 
Azolla (DC) 200 g m " 2 22.0 43.5 24.4 20.1 16.3 18.8 36.2 58.1 
Azolla (GM) 10 t h a " 1 30.9 51.8 24.4 21.6 16.6 16.6 35.5 64.1 
75 as PU + Azolla (DC) 29.0 60.4 32.9 29.6 34.2 334.2 49.8 43.1 
75 as USG + Azolla (DC) 41.9 54.7 38.3 32.6 32.1 32.1 50.4 76.0 
75 as NCU + Azolla (DC) 41.9 49.0 36.8 34.8 38.6 38.6 51.3 76.9 
25 as PU + 25 as USF + 
+ 25 as NCU + Azolla (DC) 45.9 52.0 38.4 32.8 37.4 37.4 51.6 76.0 
L S D p _ 0 . 0 6 % 4.8 4.4 2.1 7.1 2.9 14.7 1.8 4.1 
recorded highest N uptake in the late w e t season. However , on the 75th day 
plots that received 75 kg N as PU -f- Azolla (DC) recorded highest uptake of 
N (60.4 kg h a - 1 ) in the early wet season. Plots treated w i t h 75 kg N as N CU + 
Azolla (DC) recorded highest uptake of N at harvest stage in the early wet 
season, and at harvest s tage in late wet season. The uptake of N was very low 
in control plots. The uptake of N during t h e 45th and the 75th day after sowing 
was comparatively less in t h e late wet season. However, t h e uptake trend was 
significantly higher at harvest period. 
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The application of 25 kg N each as PU, U S G and N CU, besides Azolla as 
dual crop, has recorded highest grain yield in the early wet season; whereas, 
plots treated wi th 75 kg N as N CU and Azolla as dual crop have produced 
highest grain and straw yield in the later wet season. In the early wet season, 
plots applied wi th 75 kg N as USG and Azolla as dual crop registered higher 
straw yield. 
Discussion 
Increased dry matter production might be due to the continuous supply 
of N throughout the growth period when resulted in better vegetative growth. 
Highest uptake of N in plots which have received 75 kg N as P U -f- Azolla (DC) 
in the early wet season might be due to the split application of prilled urea 
which resulted in reduced loss of N and increased availabil ity to the crop. 
Shivaradj (1981) found higher grain yield in rice due to Azolla application. 
Azolla N was found to be s lowly released but gradually available to rice plants 
(Singh et al., 1981). The possible reasons attributed for higher N uptake in 
plots received 75 kg N as N CU + Azolla (DC) are the inhibition of nitrification 
b y neem cake and better availabil ity of N after decomposition of Azolla. 
The combination of urea w i t h Azolla enhanced the mineralization and the 
availability of N was found t o be rapid. The present results are in accordance 
wi th the f indings of Shankar et al. (1976) w h o found signif icant increase in 
uptake by blending urea wi th 2 0 % neem cake. Subbaiah et al. (1979) s tated 
t h a t uptake of N in grain and tota l N uptake in N CU treatment were signifi-
cant ly superior to that of split application of N as prilled urea. 
Uptake of N was higher in the late t h a n in the early wet season. This 
might be due to the higher dry matter production during t h e late wet season. 
In the late wet season plant population per unit area was less and the dry 
matter accumulation was also l o w in early stages; and during subsequent crop 
period the dry matter accumulation was significantly more. This might be one 
of the reasons for more uptake of N during the late than the early wet season. 
Moreover, the Azolla biomass produced was also more in t h e late wet season 
due to the low temperature at that period. I n the late w e t season Azolla 
biomass was incorporated thrice , while in t h e early wet season only t w o 
incorporations were done. The availability of N from Azolla might be slow and 
steady in the late wet season, s ince there was sufficient t ime for decomposition. 
This might be the reason for higher N uptake in late wet season. Incorporation 
of Azolla to soil significantly increased the С : N ratio wh ich activated the 
microbial proliferation and t h e consequent immobilization of available N 
(Nandabalan, 1984). However, after 4 and 8 weeks a s ignif icant amount of 
available N was released because of the active decomposition of added Azolla. 
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The dry matter production was very low in the control plots and the growth of 
the plants was also poor due to the non-availability of nitrogen to the plants. 
The results have shown that the application of Azolla as biofertilizer for rice 
was effective in increasing the nitrogen uptake and yield of rice. 
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EFFECT OF FERTILIZATION OF CHANGES IN THE 
MICROELEMENT CONCENTRATIONS OF TRITICALE 
DURING VEGETATION 
B . L Á S Z T I T Y 
RESEARCH I N S T I T U T E FOR SOIL SCIENCE AND AGROCHEMISTRY OF T H E H U N G A R I A N ACADEMY 
OF SCIENCES, BUDAPEST, H U N G A R Y 
(Received 30 J u n e 1986; accepted 20 July 1986) 
In a N P K fertilization field experiment set up on slightly humous calcareous 
sandy-soil changes in the B-, Ba-, Be-, Bi-, Sn-, Sr-, Sb-, Te-, Ti-, Se-, V-, As- and Hg 
concentrations of Triticalle-winter crop —- were followed in t he total aboveground 
part during vegetation. P lan t samples — the total aboveground part of 4 running 
metres on each of 10 occasions — were generally taken every 10 days. The concentra-
tions in the plant material were determined using an ICP appara tus following a hydro-
chloric acid hydrolysis. The results can be summarized as follows: 
— Maximum concentrations of the elements examined — except B, Ba and Sr — 
were measured in an early stage of development (Feekes 2, 4), in the phase of 
tillering. 
— Changes in the concentrations — except in those of B, Ti, Sb, Hg and Se — 
during vegetation up to the phenophase of milky ripeness were generally char-
acterized by a decreasing tendency. 
— In full maturity the concentrations of Sn, As, Hg and Se were higher in the 
grain, while the other elements were found at higher concentrations in the 
s t raw. 
— Macroelement (NPK) nutrition resulted in changes of concentrations statistically 
demonstrable for all elements examined except for Te, Ti, Se and Sb on most 
da tes of sampling. 
— In t he nutrition t rea tments the increase in concentration was measured for Sr 
on each date and for t he other microelements on most da tes of sampling. 
— In some dates of sampling (1-4.) a significant decrease in concentration in 
response to fertilization was measured, except for Sr and Ti. 
— Wi th the exception of B, Be, Ti and Se, nutrition caused significant changes 
in t he microelement concentrations of the grain, and within this an increase 
in concentration of each of them, except Sb, V and As. 
— As for the straw, fertilization resulted in significant concentration changes in 
all t h e elements examined, and within this an increase in concentration except 
of Bi, Sn, Hg and Sb. 
Keywords: Triticale, N P K fertilization, concentration dynamics of micro-
elements, vegetation period. 
I n t r o d u c t i o n 
T h e m i c r o e l e m e n t s are d i s cus sed a c c o r d i n g t o t h e i r occurrence i n t h e 
l i v i n g o r g a n i s m s . Th i s does n o t , h o w e v e r , m e a n t h a t t h e i r b i o l o g i c a l i m p o r t a n c e 
i s a l w a y s t h e s a m e . 
T h e m i c r o e l e m e n t s are o f spec i f i c e c o l o g i c a l , b i o l o g i c a l and s a n i t a r y 
i m p o r t a n c e . D e s p i t e t h e f a c t t h a t t h e b a s i c r u l e s of b i o c h e m i s t r y are t h e s a m e 
f o r all l i v i n g o r g a n i s m s , s o m e m i c r o e l e m e n t s m a y he i m p o r t a n t for t h e p l a n t 
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life alone, others for the functions of animal life. According to Pais (1980) 
"In respect of the microelements soil, plant and man can only he considered as a 
whole". 
The microelements represent a negligible proportion in the chemical 
composition of the soil, while they are at t h e same time indispensable as plant 
nutrients. The presence of microelements has little relation to the basic rock, 
their distribution in the soil is connected wi th various processes of soil formation 
and with other external impacts (agricultural production, contamination, etc.). 
The microelement composition of the plant is generally influenced b y the 
composition of the surrounding medium. Consequently, the elements composing 
the Earth probably can be found in the plants (Epstein 1972, Kastori 1983, 
Pais 1980). 
It is a well-known fact that the concentration — f irst of all of e lements 
indispensable for the plants is not a constant value; under the influence of 
internal genetic- and external — mainly edaphic and climatic — factors, 
further as a function of the vegetation period it changes within relatively wide 
limits (Bowen 1979, Chapman 1972, Epstein 1972, Kastori 1983). The biological 
and nutritional aspects of the role and importance of microelements in the 
living organisms form a special field of research on which m a n y a monograph 
has been written. 
Lately a new branch of science — bioinorganic chemistry — has emerged. 
It is concerned with the reactions of e lements and l igands with proteins, 
nucleic acids, hormones, v i tamins etc. on a molecular level (Kőrös 1980). 
The application of the most up-to-date physical and chemical methods in the 
f ield of biology and chemistry bears particular importance for the development 
of this science. 
A system based on the modern interpretation of the acid-base reactions 
(Pearson 1968), as well as the metal ion classification sys tem of the linkage of 
elements and ligands based on covalent and ionic indexes (Nieboer and Rich-
ardson 1980) have been elaborated. 
Besides the nutritive elements, other microelements of Triticale were also 
examined for changes in concentration during vegetation, in order to obta in 
information on the trend of changes and their relation with intensive nutrition. 
The experiment was intended to supply data on changes during vegetat ion 
in the concentrations of essential, as well as potentially contaminating, e lements 
in agricultural crops given intensive nutrition. 
Material and methods 
The fertilization experiment was set up at Őrbot tyán , on the tr ial grounds of the Insti-
t u t e of Soil Science and Agrochemisty of the Hungarian Academy of Sciences, in the a u t u m n 
of 1980, with Triticalc (variety: KT-77) as an indicator plant, arranged in random block 
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design with 4 replications. In the t reatments various combinations of NPK were used (Table 1). 
P lan t samples — the to ta l aboveground pa r t from 4 running metres of each plot — were 
t aken on 10 occasions, every 10 days in general. 
After the preparat ion of the samples, extraction was carried out in closed space with 
3 normal hydrochloric acid hydrolyses (Varju and Zsoldos 1974). Measuring was performed 
in t he NAA Laboratory of Hajdú-Bihar Country using an ICP apparatus. Here we express 
our t h a n k s to the workers of the Laboratory for their assistance in the determination work. 
In the biométrie evaluation, variance analysis was applied. Of other circumstances of 
t he experiment, accounts were given in previous publications (Lásztity 1986a, b). 
Results 
Boron is one of the microelements indispensable for plants. The cereals 
belong to plants wi th a moderate demand for В (Sikora 1974). I n the Triticale 
plants examined, the boron content (Table 1) showed a high f luctuat ion in the 
course of the vegetat ion period, reaching maximum at the beginning of f low-
ering followed by a gradual decrease until the end of vegetation. 
Table 1 
Effects of fertilization and vegetation period on the boron content of Triticale (ppm) 
(Total aboveground parts) 
Date of sampling 
Treatment March April May June July 14 
31 9 21 30 11 21 1 10 22 Grain Straw 
Feekes 2 4 6 7 8 9 10.1 10.5 11.1 11.4 
,1 0 10.0 31.6 28.0 14.0 9.0 
2 N 9.2 22.4 18.0 20.0 8.0 
3 P^iCj 5.4 28.3 14.0 18.0 16.0 
4 N P j 5.6 27.2 18.0 36.0 10.0 
5 N K , 7.9 22.0 24.0 16.0 18.0 
6 NPjKJ 5.8 23.2 15.0 20.0 30.0 
7 N P 2 K 2 5.3 19.6 15.0 15.0 30.0 
LSD
 5% 3.6 — 10.0 9.0 11.0 
60.0 10.0 8.0 3.2 0.8 5.4 
56.0 16.0 8.0 3.8 0.9 8.3 
46.0 10.0 8.0 3.0 1.0 4.6 
54.0 28.0 8.0 3.2 1.0 3.2 
38.0 9.0 8.0 3.0 0.6 3.8 
51.0 16.0 6.0 3.0 0.8 4.7 
45.0 13.0 8.0 2.2 0.8 4.0 
— 4.0 — 0.8 — 1.2 
N = 200 kg N/ha, P4 = 500 kg P.,05 /ha K4 = 500 kg K„0/ha 
P 2 = 1000 kg P 2 0 5 / h a K 2 = 1000 kg K 2 0 / h a 
The lowest concentrations were found in the grain. The effect of fertili-
zation — except on 3 sampling dates and in the grains -— could not be proved. 
In those treatments where the effect of fertilization was statistically demon-
strable, increases and decreases in concentration were equally observed. 
Tin is one of the elements of partial biological importance. It occurs in 
small quantities in nature and has no toxic effect (Chapman 1972). Triticale 
l ikewise contains small quantities of it. Its concentration was the highest at the 
end of tillering and afterwards became continuously lower. At the stage of 
ripening, on the other hand, its concentration rose again (Table 2). 
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Table 2 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground parts) 
Date of sampling 
Treatment March April May June July 14 
31 9 21 30 11 21 1 10 22 Grain Straw 
Feekee 2 4 6 7 8 9 10.1 10.5 11.1 11.4 
Sil (ppm) 
1 0 4.25 6.40 4.80 2.80 4.20 4.60 5.00 5.00 4.50 7.55 7.23 
2 N 3.76 7.58 4.80 3.00 4.20 4.80 5.00 5.00 4.10 7.71 5.62 
3 Р,К
Х 
2.52 5.59 4.60 2.80 3.80 4.60 5.00 5.00 4.70 7.55 5.94 
4 N P 3.46 7.74 5.00 3.20 5.40 5.20 5.20 5.00 5.10 7.55 7.23 
5 NK, 3.47 7.26 2.60 2.50 4.90 4.90 4.10 4.80 4.80 7.55 5.70 
6 NP,K, 3.23 7.17 2.40 2.80 4.80 5.00 5.00 4.30 4.60 7.63 6.26 
7 NP2K., 3.32 6.95 2.40 2.70 5.00 4.40 5.00 4.90 4.20 7.63 6.34 
LSD5 % 1.42 
— 
1.80 0.30 1.20 0.30 0.20 0.50 0.50 0.08 0.44 
Se (ppb) 
1 0 — 47.1 — 16.0 42.0 30.0 34.0 66.0 24.4 8.6 
2 N — 59.2 — 32.0 71.0 42.0 52.0 54.0 — 25.2 7.2 
3 P . K , — 44.8 — 33.0 36.0 42.0 40.0 60.0 — 22.8 7.6 
4 NPT — 59.2 — 36.0 45.0 46.0 62.0 46.0 — 23.5 9.0 
5 NPJ — 59.7 — 38.0 55.0 40.0 51.0 35.0 — 23.2 8.0 
6 NPJK, — 56.8 — 24.0 44.0 30.0 60.0 54.0 — 26.7 8.0 
7 NP..K, 
— 
58.3 
— 
44.0 40.0 29.0 48.0 52.0 
— 
26.0 10.2 
LSD6 % — 15.9 — 20.0 9.0 11.0 13.0 17.0 — 2.6 1.5 
With the exception of a single date of sampling, the effect of NPK 
nutrition proved significant, though its trend was not consistent: increase and 
decrease in tin concentration equally appeared in the treatments. 
In the grain and straw fertilization made its effect felt, by increasing the 
amount of t in in the former and decreasing it in the latter. 
Selenium also belongs to the group of elements with partial biological 
importance. It has a much greater and well-known role in animal breeding and 
feeding (Girling 1984). It has no toxic effect on plants. Its quantity ranges 
between wide limits both in the soil and in the plants. 
In the plants examined, the selenium content was determined in ppb 
(Table 2). The concentration showed a decrease with larger or smaller fluctu-
ations; the highest concentration was measured in the phase of tillering. 
The effect of fertilization was statistically demonstrable on f ive occasions of 
sampling and in the straw. With a single exception, an increase could be 
registered, first of all in treatments representing combinations of nitrogen. 
Titanium belongs to the group of non-essential and non-toxic elements. 
Its biological importance has been studied by a number of authors; i ts role in 
the development of plants was indicated by Pais et al. (1983). In the course of 
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the development of Triticale plants, the element could be detected b y this 
method only in some phenophases (Table 3). The highest values were obtained 
at the end of tillering, after which a decreasing tendency prevailed until 
ripening, at which point an increase in concentration took place in the straw. 
Statistically demonstrable changes due to the N P K nutrition were found 
on a single occasion of sampling, and in the straw. 
Vanadium is one of the most widespread elements in nature.Its biological 
importance is considered as merely partial; and in the case of higher plants, it 
is not reckogned among the essential elements (Welch and Cary 1975). 
From the phase of tillering the concentration of vanadium gradually 
decreased throughout t h e vegetation period, apart from a slight f luctuat ion 
(Table 3). The highest concentration was found on tillering and the lowest in 
the stage of milky ripening. 
The effect of fertilization was demonstrable on most dates of sampling; 
increase was generally statistically demonstrable, but in two cases and in the 
grains a decrease in concentration was observed. N o consistent systematic 
effect l inked to one nutrit ive element or another could be determined. 
Table 3 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground parts) 
Date of sampling 
Treatment 
Feekes 
March April May June July 14 
31 9 21 30 11 21 l 10 22 Grain Straw 
2 4 6 7 8 9 10.1 10.5 11.1 11.4 
Ti (ppm) 
1 0 0.42 1.23 0.45 0.56 — 0.72 
2 N 0.56 1.42 0.30 0.28 0.68 
3 P ,K, 0.72 1.12 0.64 1.48 1.18 
4 NP, 0.26 1.57 0.56 0.17 0.46 
5 NKJ 0.24 1.48 0.44 0.14 0.58 
6 NPJK, 0.49 1.28 0.50 0.22 0.78 
7 NP 2 K 2 0.53 1.20 0.42 0.31 0.70 
LSD
 6% — 0.43 — 0.20 0.54 — — — — — 0.24 
V (ppb) 
1 0 19.6 8.8 6.7 6.4 7.3 3.7 4.0 3.3 5.2 4.4 10.6 
2 N 17.3 10.1 6.6 5.7 6.2 3.3 3.4 3.6 3.2 3.9 8.3 
3 P ,K, 15.3 9.3 5.8 7.0 9.6 4.8 4.0 4.8 4.4 4.1 11.4 
4 NP, 19.4 9.8 7.7 7.7 6.8 3.6 3.0 4.2 4.4 3.6 7.8 
5 NP, 21.9 10.4 6.4 5.2 5.0 4.4 2.9 4.0 3.0 3.3 7.8 
6 NP ,K , 15.3 8.9 4.9 6.0 5.8 3.0 2.9 2.0 2.2 5.0 9.6 
7 NP 2K„ 19.9 9.3 5.5 5.8 6.2 3.2 3.4 2.8 2.3 3.2 9.0 
LSD6% 6.6 — 0.7 1.0 1.5 0.5 0.3 0.9 0.6 0.9 0.8 
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Barium is an element of unknown biological effect, which has been 
examined for its interactions with other elements, first of all with calcium 
(Wallace—Romney, 1971). I ts concentration in Triticale could be determined 
in ppm quantities on all dates of sampling (Table 4). From tillering to milky 
ripening its concentration was found to decrease. At the stage of maturity an 
intense increase in concentration occurred in the straw, partly at the expense 
of the grain. 
Table 4 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground parts) 
Date of sampling 
Tr eatment March April May June July 14 
31 9 21 30 1 1 21 l 10 22 Grain Straw 
Feelcea 2 4 6 7 8 9 10.1 10.5 11.1 11.4 
• 
Ba (ppm) 
1 0 30.8 40.5 28.0 16.0 23.0 14.0 26.0 28.0 30.0 9.2 91.8 
2 N 31.4 41.4 25.0 16.0 18.0 14.0 14.0 18.0 20.0 9.5 82.1 
3 P iK, 26.8 48.9 30.0 22.0 21.0 18.0 30.0 26.0 30.0 8.1 92.2 
4 NP, 24.8 41.8 25.0 28.0 22.0 16.0 15.0 16.0 28.0 7.2 97.2 
5 NK, 32.8 44.3 17.0 18.0 18.0 17.0 18.0 26.0 32.0 4.4 80.4 
6 NP.K, 30.4 45.5 16.0 20.0 24.0 16.0 14.0 10.0 24.0 3.2 99.3 
7 N P 2 K , 31.3 39.6 15.0 22.0 18.0 14.0 17.0 18.0 24.0 6.3 94.6 
LSD5% — — 9.0 5.0 5.0 3.0 4.0 5.0 6.0 0.97 7.6 
Be (ppm) 
1 0 0.29 0.33 0.22 0.09 0.13 0.06 0.07 0.07 0.08 — 0.20 
2 N 0.35 0.40 0.23 0.12 0.16 0 . 1 1 0.08 0.07 0.07 — 0.24 
3 P,K, 0.23 0.32 0.20 0.10 0.12 0.08 0.06 0.08 0.06 — 0.18 
4 NP, 0.30 0.40 0.24 0.14 0.16 0.12 0.08 0.10 0.09 — 0.25 
5 NP, 0.28 0.40 0.09 0.12 0.14 0.10 0.07 0 . 1 1 0.08 — 0.22 
6 NP,K, 0.28 0.38 0.08 0 . 1 1 0.13 0.10 0.07 0.06 0.04 — 0.24 
7 N P 2 K , 0.31 0.41 0.10 0.12 0.14 0.10 0.08 0.07 0.06 — 0.24 
LSDS% — — 0 . 1 1 0.03 0 . 0 1 0 . 0 1 0 . 0 1 0.02 0.02 — 0.02 
On most occasions of sampling N P K nutrition was found to have caused 
significant changes. These changes were manifested partly in an increase, 
partly in a decrease of concentration. The increase was connected with the 
PK- , and the decrease generally, though not consistently, wi th the N P K 
treatments. Nutrit ion generally caused an increase in the grain and straw 
alike, though in the former sometimes a decrease in concentration occurred. 
Beryllium is one of those elements which have not much been studied 
and are unknown for their biological effect. In the experiment described here, 
i ts presence in the aboveground plant parts and in various phases of develop-
ment could be detected with the method applied (Table 4). After the end of 
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tillering the tendency of change indicated a decrease. In the straw the concen-
tration increased, while in the grain the presence of beryll ium could not be 
detected b y the method used. 
On most dates of sampling, fertilization was found to have caused signif-
icant concentration changes in the treatments. These changes were not syste-
matic, since increases and decreases equally occurred. Increases were generally 
related to the nitrogen treatments, while in the nitrogen deficient treatments 
the concentration usually decreased compared to the control. A comparison of 
the pheuophases shows that, at the time of shooting and in the stage of "mi lky 
ripening", the effects of fertilization differed from those observed in other 
phenophases, supposedly due to external factors. 
Bismuth also belongs to those elements whose biological effect has not 
yet been determined (Bowen 1979), and it has mostly been studied from t h e 
environmental protection standpoint. In t h e Triticale plants examined, i ts 
concentrations measured did not even reach ppm quantities (Table 5). From 
the end of the tillering phase the change of concentration showed a decreasing 
tendency with minor f luctuations throughout the vegetation period. 
Table 5 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground par ts) 
Date of sampling 
Treatment March April May June July 14 
31 9 21 30 11 21 1 10 22 Grain Straw 
Feekee 2 4 6 7 8 9 10.1 10.5 11.1 11.4 
Bi (ppm) 
1 0 0.69 0.78 0.56 0.27 0.46 0.34 0.42 0.43 0.38 0.11 0.73 
2 N 0.65 0.90 0.56 0.28 0.48 0.40 0.40 0.48 0.20 0.11 0.66 
3 P ,K, 0.38 0.70 0.52 0.32 0.38 0.36 0.38 0.47 0.42 0.11 0.67 
4 NP, 0.67 0.98 0.66 0.50 0.61 0.51 0.46 0.48 0.43 0.11 0.71 
5 NK, 0.51 0.90 0.20 0.30 0.38 0.38 0.36 0.44 0.33 0.10 0.56 
6 NP ,K , 0.52 0.57 0.21 0.32 0.42 0.42 0.36 0.22 0.36 0.09 0.70 
7 N P , K . 0.50 0.85 0.20 0.28 0.42 0.36 0.39 0.41 0.35 0.10 0.62 
LSD5% — — 0.26 0.07 0.03 0.03 0.01 0.11 0.10 0.01 0.06 
Te (ppm) 
1 0 1.10 0.81 0.66 0.56 0.62 0.52 0.56 0.70 0.64 0.82 0.92 
2 N 0.99 0.87 0.61 0.47 0.62 0.54 0.52 0.54 0.54 0.98 0.78 
3 P ,K, 0.91 0.81 0.59 0.56 0.54 0.59 0.52 0.47 0.56 0.78 0.82 
4 NP, 1.10 1.05 0.75 0.86 0.71 0.59 0.59 0.47 0.56 0.94 1.12 
5 NK, 1.03 0.96 0.51 0.52 0.64 0.50 0.45 0.68 0.50 0.85 0.87 
6 NP,K, 1.21 1.02 0.65 1.05 0.89 0.61 0.59 0.57 0.52 0.89 1.29 
7 N P , K 2 1.33 1.05 0.63 0.68 0.82 0.66 0.66 0.59 0.56 0.94 1.22 
LSD5% — — 0.18 0.26 0.15 0.12 0.13 0.11 0.16 0.10 0.16 
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Nutrit ion resulted in statistically demonstrable changes, except on two 
dates of sampling. Its effect was generally felt in an increase of concentration — 
except in t h e straw —, but negative changes also occurred. The effect of 
fertilization could not be proved consistent, nor could it be explained b y the 
different nutrition treatments . 
The effect of tellurium on plants has hardly been studied, and its biologi-
cal importance is little k n o w n (Bowen 1979). Its concentration in the above-
ground part of the Triticale plant could be measured at various times during 
vegetation (Table 5). The concentrations following a max imum at the t i m e of 
tillering became lower and lower until the stage of "mi lky ripeness"; then , in 
full maturity, an increase in concentration was observed both in grain and in 
straw. 
With the exception of a single sampling date N P K nutrition was found to 
cause significant changes. I t s effect most ly manifested itself in an increase of 
concentration, though on some ocassions of sampling decreases also occurred. 
On the basis of the changes — though t h e y were statistically reliable — the 
effect of fertilization did not prove consistent. 
Table 6 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground parts) 
D a t e of sampling 
Treatment 
Feekee 
March April May June July 14 
31 9 21 30 11 21 l 10 22 Grain Straw 
2 4 6 7 8 9 10.1 10.5 11.1 11.4 
Sb ( p p b ) 
1 0 12.2 4.3 — 4.6 5.4 5.2 5.0 1.3 8.6 
2 N 11.1 4.2 — 5.2 5.2 5.8 5.0 1.3 7.4 
3 P ,K, 8.6 3.8 — 5.1 5.2 5.4 5.6 1.3 8.0 
4 NP, 12.7 5.1 — 6.3 5.8 5.6 5.6 1.2 8.5 
5 NK, 10.3 4.5 — 5.0 4.9 6.0 5.2 1.2 6.6 
6 NPJKJ 10.8 4.1 — 5.7 5.1 5.1 5.2 1.3 8.5 
7 NP2K„ 10.1 4.1 — — — 5.1 5.1 5.2 5.1 1.3 7.6 
LSD5% 2.4 — — — — 0.3 0.1 0.5 0.4 0.06 0.4 
Sr ( p p un) 
1 0 5.82 2.58 2.20 2.00 2.20 1.50 1.60 1.80 2.00 0.22 5.86 
2 N 6.64 3.14 2.40 2.20 2.60 2.10 1.70 1.60 2.40 0.28 7.02 
3 P,K, 5.91 3.25 2.20 2.40 2.70 2.00 1.80 1.90 2.20 0.24 6.70 
4 NPJ 8.28 3.99 3.40 3.40 3.50 2.60 2.20 2.00 3.00 0.34 9.50 
5 NPJ 6.26 3.12 2.20 2.40 2.40 2.00 1.80 3.10 2.80 0.24 6.17 
6 NPjKJ 8.47 4.05 2.80 2.50 2.80 2.20 1.80 1.40 1.90 0.26 8.58 
7 NP 2K 2 9.42 4.24 3.10 3.00 3.20 2.50 2.00 1.90 2.40 0.28 8.10 
LSD5% 1 .92 0.69 0.30 0.30 0.40 0.20 0.30 0.30 0.50 0.04 0.54 
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The role of ant imony and its influence on plants have been little studied, 
so that its biological importance in plant life is not known (Bowen 1979). 
On some dates of sampling its concentration in the plants examined could not 
be determined with the method applied (Table 6). The maxima were measured 
at the t ime of tillering, after which its concentration decreased. The decrease, 
though minimum in t h e generative phase, resulted in rather low concentrations 
in the grain. 
In the phenophases of tillering and milky ripening N P K nutrition caused 
a decrease, while in the generative phase usually an increase in concentration. 
Strontium is another microelement which does not belong to the essential 
elements of vascular plants. Its biological importance is little, if at all, known. 
Nevertheless, it can be detected in plants and is relatively easily available in 
the soil. Its concentration in Triticale plants could be determined on all dates of 
sampling (Table 6). 
From the phenophase of tillering to milky ripening its concentration — 
apart from a slight f luctuation — decreased. At the stage of maturity the value 
of concentration was particularly high in the straw, and low in the grain. 
The effect of fertilization was statistically demonstrable on all dates of 
sampling. It appeared as an increase of concentration, first of all in the nitrogen 
treatments. Those treatments where potassium was used were generally char-
acterized by a decrease of concentration similar to the dynamics of calcium 
(Wallace and Romney 1971). 
Arsenic is not an essential element for vascular plants; its toxic i ty is a 
more important feature, from the standpoint of environmental protection as 
well (Chisholm 1972). In the aboveground part of Triticale, its presence was 
detected, except on a single date of sampling (Table 7). The maximum concen-
tration appeared in an early phase of development (Feekes 4.), after which the 
concentration gradually decreased till the stage of milky ripening. Before full 
ripeness, the arsenic concentration increased both in the grain and in the straw. 
From the t ime of earing the influence of fertilization could be statistically 
proved. Up to the t i m e of flowering and in the straw this influence manifested 
itself in an increase, while in the generative phase and in the grain in a decrease 
of arsenic concentration. The effects were most ly linked to the nitrogen 
combinations. 
The bioogical importance of mercury is unknown but more so its tox ic i ty . 
It is rather widespread in nature (Juszkiewicz and Szprengier 1976). 
Its presence in the aboveground part of Triticale could be determined, though 
at very low concentrations (Table 7). The trend of concentration (Table 7) 
changinges during vegetation showed a steady decrease from the end of tiller-
ing to the time of harvesting, when the highest concentrations were found in 
the grain. 
Fertilization resulted in significant changes — either increase or decrease 
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— in the concentration. However, no regularity in these effects could be estab-
l ished with any of the fertilizers used. 
To decide the accuracy of measuring, variance analyses were made on 
each date of sampling for all elements. CV values calculated from the error 
variance of data are given in Table 8. 
Table 7 
Effects of fertilization and vegetation period on the microelement content of Triticale 
(Total aboveground parts) 
Date of sampling 
Tr eatment March April May June July 14 
Feekes 
31 9 21 30 11 21 l 10 22 Grain Straw 
2 4 6 7 8 9 10.1 10.5 11.1 11.4 
As (ppb) 
1 0 41.6 84.8 — 8.9 22.0 18.0 19.0 21.0 19.0 37.5 32.5 
2 N 51.0 105.9 — 33.4 30.0 13.0 17.0 20.0 13.0 40.5 28.4 
3 PiKi 20.1 83.2 — 13.4 16.0 14.0 21.0 19.0 16.0 34.5 29.4 
4 NP 4 32.1 104.4 — 25.6 28.0 17.0 18.0 18.0 17.0 33.5 34.5 
5 N K j 24.9 101.4 — 24.5 21.0 23.0 13.0 22.0 13.0 28.4 29.4 
6 NPXK, 24.5 101.9 — 10.0 15.0 21.0 14.0 13.0 8.0 35.4 32.4 
7 N P 2 K 2 26.7 99.4 — 24.5 16.0 15.0 16.0 17.0 8.0 27.4 35.5 
LSD5 % — 26.4 — 5.9 4.0 5.0 4.0 5.0 7.0 8.0 2.4 
H g i (ppb) 
1 0 12.0 24.4 18.0 8.0 10.0 8.0 8.0 10.0 5.0 2.9 1.2 
2 N 9.2 29.9 18.0 12.0 11.0 8.0 8.0 10.0 2.0 3.0 1.0 
3 PiKx 4.0 23.8 19.0 10.0 9.0 8.0 8.0 8.0 6.0 2.8 1.1 
4 NPX 6.7 30.2 19.0 11.0 10.0 10.0 10.0 7.0 6.0 2.9 1.1 
5 NPJ 7.0 30.4 8.0 10.0 9.0 8.0 6.0 8.0 6.0 2.9 1.0 
6 NP 1 K 1 8.0 29.2 8.0 10.0 9.0 8.0 9.0 8.0 6.0 3.0 1.1 
7 N P 2 K 2 7.5 28.8 8.0 10.0 9.0 8.0 8.0 8.0 7.0 3.1 1.2 
LSD 5 % — 7.0 9.0 2.0 1.0 1.0 1.0 1.0 2.0 0.2 0.1 
Table 8 
Variation coefficients (CV%) at the dates and for the elements 
Elements 
March April May June July 14 
31 2 21 30 11 21 2 10 22 Grain 1 straw 
в 34.2 39.9 35.6 29.3 41.5 58.7 17.7 48.8 16.5 19.6 16.3 
Ba 16.0 24.7 27.0 18.0 17.5 13.8 12.5 15.8 15.1 9.6 5.6 
Be 17.5 13.7 45.0 16.7 5.4 9.8 5.5 12.8 20.6 4.6 
Bi 25.9 15.0 42.1 13.7 4.9 5.3 2.4 17.6 19.8 4.6 6.4 
Sn 27.8 95.6 32.1 6.2 16.9 3.9 3.3 6.9 6.8 7.5 10.8 
Sr 17.8 13.2 7.5 7.0 9.3 7.8 9.9 12.0 12.8 9.5 4.9 
Sb 15.1 12.6 — — 1.5 4.2 1.8 6.3 5.3 3.4 3.8 
Те 
20.8 17.4 19.6 26.4 14.7 14.7 15.6 12.9 19.1 7.5 4.7 
Ti — 21.9 — 29.1 81.1 — — — — 21.8 
Se — 19.4 — 41.6 12.9 19.8 17.3 22.4 7.0 12.0 
V 24.3 12.2 7.7 11.1 14.6 9.2 6.9 16.7 12.3 16.3 6.0 
As 47.1 18.3 — 19.9 13.0 19.1 14.1 18.3 36.1 15.8 5.1 
Hg 43.8 16.7 42.8 14.9 9.9 9.4 8.9 9.1 23.1 5.1 6.4 
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The data present a highly diversified picture, depending on the number 
and date of analyses and on the chemical element in question. For most 
elements examined, the average value of CV is between 10 and 20%. Average 
values higher than t h a t were obtained for Ti and B , and a lower one for Sb. 
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RESULTS OF ENERGY MEASUREMENTS ON 
VARIOUS MAJOR FIELD CROPS 
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AGRICULTURAL COLLEGE OF D E B R E C E N U N I V E R S I T Y OF AGRICULTURAL SCIENCES, 
SZARVAS, H U N G A R Y 
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One result of the increasing energy requirements of mankind, and of the problems 
involved in providing this energy, is the introduction of energy calculations and ana-
lyses into agricultural production. This paper deals with energy measurements and 
calculations carried out on the field crops winter wheat , maize, sugar beet and alfalfa, 
and summarizes the results which were included in sixteen papers recently published 
on this subject. The main findings are as follows: (1) When evaluating the energy aspects 
of plant production, comparisons should only be made between sets of input and out-
put data which can be exactly measured using scientific methods. (2) During the period 
1976-1980, in areas of Hungary with excellent ferti l i ty, using the most suitable variety 
and adequate fertilization, t he energy value of the whole crop (main product, by-
products, roots) produced on one hectare was 328.4 GJ for winter wheat, 343.1 GJ for 
maize, 296.9 GJ for sugar beet and 252.1 GJ for alfalfa, equivalent to 2.39%, 2.06%, 
1.59% and 1.64%, respectively, of the photosynthetically active radiation (PAR). 
The energy value of the elemental plant nut r ients N, P and К incorporated into the 
yield, i.e. t he quantity of energy which can be added to the above figures on the basis 
of the relative equivalent mass, is as follows (in MJ/kg): for winter wheat: N = 1121, 
P = 511, К = 128; for maize: N = 1317, P = 578, К = 174; for sugar beet: N = 693, 
P = 313, К 83; and for alfalfa: N = 454, P = 205, К = 54. 
Keywords: sugar beet, energetics, photosynthesis, maize, alfalfa, winter wheat , 
fertilization energetics 
I n t r o d u c t i o n 
T h e p r o d u c t i o n of a g r i c u l t u r a l p lant m a t e r i a l is t h e j o i n t resu l t o f a l a r g e 
n u m b e r of t e c h n i c a l , c h e m i c a l a n d b io log ica l e n e r g y proces se s . Th i s is w h y t h e 
u s e o f e n e r g y p a r a m è t r e has b e c o m e s t a n d a r d p r a c t i c e w h e n a n a l y s i n g p r o d u c -
t i o n processes f r o m t h e s t a n d p o i n t of e c o n o m i c s . T h e c a l c u l a t i o n s are c a r r i e d 
o u t b y c o m p a r i n g t h e i n p u t f a c t o r s required f o r t h e crop p r o d u c t i o n , e x p r e s s e d 
i n u n i f o r m u n i t s ( jou les ) , w i t h t h e v a l u e o f t h e o u t p u t , a l so e x p r e s s e d i n j o u l e s . 
A t h o r o u g h , v e r y d e t a i l e d e v a l u a t i o n of t h e i n p u t s ide w a s m a d e b y K a s s a y , 
V i d a , G y u r j á n a n d N a g y ( 1 9 8 0 ) . T h e c o m p a r i s o n is g e n e r a l l y m a d e b y d i v i d i n g 
t h e o u t p u t v a l u e b y t h e i n p u t v a l u e ; t h e q u o t i e n t o b t a i n e d descr ibes t h e 
e f f i c i e n c y of t h e s y s t e m . 
T h e s ize o f t h e e f f i c i e n c y i n d e x d e p e n d s o n t h e n u m b e r of f a c t o r s a n d 
t h e t y p e of d a t a i n c l u d e d i n t h e i n p u t v a l u e a n d o n w h a t is t a k e n as o u t p u t 
v a l u e . I n t h e c a s e o f f i e l d c r o p p r o d u c t i o n , t h e i n p u t s ide o f t h e e n e r g y p r o -
d u c i n g e f f i c i e n c y o f t h e i n d i v i d u a l crops ( t h i s i s p e r h a p s t h e b e s t d e f i n i t i o n o f 
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Table 1 
Elemental N, P, К (kg/ha) applied to certain major field crops in Hungary during four five-year 
periods 
Crop and year 
in total fertilizer in artificial fertilizer 
Wheat 
1934—38 
1956—60 
1966—70 
1976—80 
Maize 
1934—38 
1956—60 
1966—70 
1976—80 
Sugar beet 
1934—38 
1956—60 
1966—70 
1976—80 
Alfalfa 
1934—38 
1956—60 
1966—70 
1976—80 
38.25 
51.90 
120.13 
212.78 
43.44 
65.48 
154.63 
242.65 
133.94 
220.45 
355,74 
386.48 
37.23 
47.01 
90.29 
124.37 
8.82 
11.61 
25.13 
45.26 
11.12 
14.61 
31.15 
53.12 
39.49 
47.73 
84.52 
92.22 
9.01 
11.05 
21.26 
34.35 
16.22 
21.28 
56.70 
131.07 
26.43 
34.98 
84.96 
196.94 
155.90 
186.60 
289,75 
390.35 
17.83 
22.31 
53.27 
108.49 
0.22 
9.39 
58.10 
123.75 
0.25 
10.82 
66.96 
142.63 
0.26 
11.14 
68.93 
146.83 
0.06 
2.54 
15.75 
33.56 
0.32 
1.93 
8.98 
23.40 
0.38 
2.30 
10.67 
27.81 
0.31 
1.91 
8.85 
23.06 
0.15 
0.95 
4.42 
11.53 
0.07 
3.00 
20.48 
85.24 
0.12 
4.96 
33.82 
140.77 
0.18 
7.14 
48.66 
202.56 
0.05 
2.15 
14.65 
61.00 
Table 2 
Energy value (GJ/ha) used for production and contained in the yield of certain major field crops 
in Hungary 
Mechanical Artificial Total 
Crop and year
 w o r k fertilization fertilization 
Main 
product Whole yield 
Wheat 
1934—38 
1956—60 
1966—70 
1976—80 
Maize 
1934—38 
1956—60 
1966—70 
1976—80 
Sugar beet 
1934—38 
1956—60 
1966—70 
1976—80 
Alfalfa 
1934—38 
1956—60 
1966—70 
1976—80 
0.025 
0.413 
1.801 
2.304 
0.027 
0.450 
1.711 
2.504 
0.042 
0.859 
3.180 
4.630 
0.024 
0.403 
1.475 
2.138 
0.021 
0.552 
3.342 
7.578 
0.025 
0.650 
3.944 
9.102 
0.023 
0.673 
4.111 
9.676 
0.007 
0.172 
1.036 
2.510 
2.307 
3.114 
7.217 
13.050 
2.716 
3.992 
9.341 
15.310 
9.124 
13.955 
23.644 
25.223 
2.274 
2.860 
5.578 
8.111 
21.7 
23.7 
38.5 
64.3 
30.3 
35.5 
49.6 
75.1 
67.5 
70.2 
104.5 
95.8 
60.2 
47.4 
60.7 
74.9 
66.6 
67.8 
102.9 
157.6 
116.8 
137.1 
145.3 
223.0 
82.3 
92.4 
145.2 
154.6 
111.8 
88.0 
112.8 
138.7 
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the index) is made up principally of the mechanical operations and the artificial 
fertilizer utilization, or in some cases the total fertilizer utilization. The output 
side usually consists of the energy value of the main product, but this m a y be 
replaced b y the energy value of the whole yield (main product, by-products, 
roots). 
Below, a review will be given of the energy producing efficiency of winter 
wheat, maize, sugar beet and alfalfa in Hungary during four five-year periods 
between 1934 and 1980 and of the results of calculations based on exact experi-
mental measurements of the fertilization energetics of these crops. 
Material and methods 
The basic data discussed in this paper, the methodology applied in obtaining these data 
and the opinions and results on this subject reported in the l i terature are to be found in the 
publications listed below, so details need not be included here. The estimation of the mechanical 
work involved in crop production was made in terms of the so-called normal hectare work 
value: 1 normal hectare of mechanical work = 348.76 MJ (Debreczeni 1982). Detailed data 
on the mechanical work necessary for various field crops are presented by Debreczeni (1983a, 
1983b, 1983c, 1985a). 
The specific values of elemental N, P and К in fertilizers were taken as N = 50 242 
J/g, P = 28 776 J/g and К = 8071 J/g, after Pimentel (1980). The fertilizer utilization data 
shown in Table 1 were compiled on the basis of Agricultural da ta base I I I (1980) and Deb-
reczeni (1986). The total fertilizer given in the table includes the quan t i ty of NPK introduced 
into the soil with artificial fertilizers, stable manure, liquid manure, root and stubble remnants , 
straw and maize stalks, and the nitrogen reaching the soil directly f rom the atmosphere. 
The measurements required to determine the energy value of plant organs were carried 
out in the bomb calorimeter in the Insti tute of Ecology of Kossuth Lajos University, Deb-
recen (Debreczeni, Izsáki and Papp 1984). The basic data on the quan t i ty of energy in the main 
product and the whole yield, summarized in Table 2, are taken f rom Debreczeni and Posza 
(1983), Debreczeni and Izsáki (1984), Izsáki and Debreczeni (1983, 1984) and Debreczeni (1984). 
Results 
The energy-producing efficiencies, i. e. the output: input ratios, of various 
field crops are presented in Table 3. It can be seen from the data that the 
efficiency values f luctuate considerably. Characteristically, the amount of 
energy invested increases to a greater extent than the energy removed with the 
yield. A similar conclusion can be drawn from an analysis of the works of 
Akócsi, Balogh and Nagy (1978) and Balogh (1978). A further reduction in the 
efficiency values would have occurred if plant protection chemicals and the 
energy used recently for drying and product treatment had been included on 
the input side. 
In addition to the number of input and output factors, the efficiency is 
also influenced by the sources from which the specific values of the individual 
factors are taken and the spirit in which they were determined. Very often 
these figures include not only the results of scientific measurements, but also 
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Table 3 
Output : input ratio in terms of production energy for various major field crops in Hungary 
during four years 
Year Wheat Maize Sugar beet Alfalfa 
"A" output : input = Main product : Mechanical work + Artificial fertilizer 
1934—38 602.17 582.69 1038.46 1940.94 
1956—60 24.56 32.27 45.82 82.43 
1966—70 7.49 8.77 14.33 24.17 
1976—80 6.50 6.47 6.70 16.11 
" B " output : input = Whole yield : Mechanical work + Total fertilizer 
1934—38 28.56 42.58 9.02 48.65 
1956—60 20.84 30.86 6.62 26.97 
1966—70 11.41 13.15 6.14 15.99 
1976—80 10.26 12.52 6.13 13.52 
objectified voluntary work, the value of which can only be estimated in some 
cases. The situation is very similar when the output of certain crops (the yield) 
is the result of exact scientific measurements, but certain i tems in the input 
(e.g. the intellectual work involved in the production of plant protection 
agents or machinery) include data which belong to the realm of social sciences. 
In the case of economic analyses, if the period covered is short or free of 
inflation, and if the prevailing price relations are realistic, it is better to express 
the production costs in terms of money and to give the output , too, as the 
monetary value of the product. The efficiency is then calculated as the ratio 
of these values. Calculations in terms of energy units are best reserved for 
scientific analyses. 
In crop production, research into the biochemical and biophysical pro-
cesses of photosynthesis is one f ie ld where energy measurements are definitely 
required, since the mass of plant organic matter is formed due to the effect of 
l ight energy. The process can he described quite simply as follows: under the 
influence of the light quantum absorbed by the chlorophyll molecule from light 
energy, the N A D P + present in the plant takes up electrons to form a reducing 
N A D P H 2 + — H + system and initiates the creation of organic matter. The pro-
cess is described in detail, backed up by measurements, numerical data and 
specific production experience, in an earlier paper (Debreczeni 1985b). 
Field crops utilize a very small proportion, 1-2%, of the photosyntheti-
cally active radiation (PAR). Naturally, under optimum agronomic conditions 
this figure is somewhat higher and under less favourable conditions somewhat 
lower. 
The results of energy measurements carried out in experiments on winter 
wheat, maize, sugar beet and alfalfa grown on soil with excellent fertility, 
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Table 4 
Mean annual energy output of the whole yield for various major field crops under the effect of various 
fertilizer treatments (Kondoros 1976-1980) 
Fertilizer treatment. Wheat Maize Sugar beet Alfalfa 
kg/ha* 1979-1980 1976-1980 1978-1980 1978-1980 
No.  
N p к GJ/ha PAR % GJ/ha PAR % GJ/ha PAR % GJ/ha PAR % 
1. 20 7 13 252.3 1.86 300.9 1.80 252.5 1.35 197.8 1.27 
2. 20 38 65 287,1 2.03 319.9 1.92 276.6 1.48 227.9 1.45 
3. 120 38 65 345.4 2.58 340.5 2.04 301.0 1.61 253.4 1.65 
4. 220 38 65 352.7 2.51 358.3 2.15 298.8 1.60 267.8 1.72 
5. 420 38 65 346.3 2.57 354.3 2.12 302.4 1.62 213.8 1.59 
6. 147 32 97 357.5 2.63 344.2 2.06 309.3 1.66 251.8 1.61 
7. 266 43 162 333.4 2.48 362.3 2.17 320.3 1.72 292.7 1.87 
8. 513 77 310 352.5 2.50 364.1 2.18 314.5 1.68 312.0 1.99 
Mean 216 39 105 328.4 2.39 343.1 2.06 296.9 1.59 252.1 1.64 
* 1. In the roots of the fore-crop; 2-5. In artifical fertilizer; 6-8. In liquid manure. 
using the variety best suited to the region and identical fertilizer treatments, 
are summarized in Table 4. The detailed results can be found in papers published 
b y Debreczeni and Posza (1983), Debreczeni (1985c, 1985d) and Izsáki and 
Debreczeni (1983, 1984). 
It can he seen from the energy measurements that maize is able to f i x the 
largest quantity of energy. This is followed b y wheat, sugar beet and f inal ly 
alfalfa. It should be noted, however, that in the case of alfalfa the low yield 
obtained in the f irst year, when the stand was established, substantially reduced 
the three-year average. The generally accepted order is quite different from 
this, probably due to a consideration of the food and feed value of the main 
products. Table 5 shows the numerical energy value of the main products, 
averaged over the experiment. In this case alfalfa takes first place because, 
apart from the roots remaining in the ground, the whole of the yield is main 
product. The energy value of topped beets puts sugar beet in second place, 
followed by maize and wheat. 
Table 5 
Quantity and ratio of energy in the whole yield and main product of various major field crops 
(Kondoros 1976-1980) 
Crop 
Whole 
yield, 
GJ/ha 
Main product 
Designation GJ/ha % 
Wheat 328.4 Wheat grain 120.4 36.6 
Maize 343.1 Grain maize 147.6 43.0 
Sugar beet 296.9 Topped beets 171.0 57.6 
Alfalfa 252.1 Lucerne 197.4 78.3 
Acta Agronomica Hung. 37, 1988 
2 6 2 I . D E B R E C Z E N I 
I t w o u l d b e e x p e d i e n t t o d e t e r m i n e as m a n y s c i e n t i f i c a l l y b a s e d e n e r g y 
p a r a m e t e r s as p o s s i b l e w i t h i n t h e p r o d u c t i o n process . E f f o r t s w e r e t h u s m a d e 
t o e s t a b l i s h t h e e n e r g y v a l u e s of e l e m e n t a l N , P a n d K , t h e m a j o r p l a n t 
n u t r i e n t s w i t h i n t h e p r o d u c t i o n p r o c e s s , i n t h e case of w h e a t , m a i z e , s u g a r b e e t 
a n d a l fa l fa . T h e c o u r s e o f t h e d e t e r m i n a t i o n is d e s c r i b e d i n de ta i l b y D e b r e c z e n i 
( 1 9 8 5 c , 1 9 8 5 d , 1 9 8 5 e ) . B r i e f l y , t h e m e t h o d i n v o l v e s a d d i n g t h e e n e r g y o f t h e 
w h o l e y i e l d , in t e r m s o f r e l a t i v e e q u i v a l e n t m a s s , t o t h e e l e m e n t a l n i t r o g e n , 
p h o s p h o r u s a n d p o t a s s i u m c o n t a i n e d i n t h e y i e l d . T h e r e s u l t s are p r e s e n t e d in 
Table 6 
Energy value of 1 kg of elemental plant nutrients for various major field crops, MJ 
Crop N p к 
Wheat 1121 511 128 
Maize 1317 578 154 
Sugar beet 693 313 83 
Alfalfa 454 205 54 
T a b l e 6 , a v e r a g e d f o r e a c h crop . I t c a n b e s e e n f r o m t h e d a t a t h a t p l a n t 
n u t r i e n t s are b e s t u t i l i z e d b y m a i z e , c l o s e l y f o l l o w e d b y w h e a t . V e r y m u c h 
poorer r e s u l t s w e r e g i v e n b y s u g a r b e e t a n d a l fa l fa . I t w a s f o u n d i n t h i s 
e x p e r i m e n t t h a t t h e i n c o r p o r a t i o n o f 1 k g o f t h e p l a n t n u t r i e n t n i t r o g e n l e d t o 
t h e c r e a t i o n of o r g a n i c m a t t e r w i t h a n d e n e r g y v a l u e o f 1 3 0 0 M J i n m a i z e a n d 
a r o u n d 1 1 0 0 M J in w h e a t . U n d e r t h e s a m e a g r o n o m i c c o n d i t i o n s , t h i s v a l u e 
w a s a r o u n d 700 M J for s u g a r b e e t a n d o n l y 4 5 0 MJ for a l fa l fa . 
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INFLUENCE OF TILLAGE PRACTICES IN PHYSICAL 
PROPERTIES AND WHEAT PRODUCTION 
P . B . S . B H A D O R I A 
RURAL D E V E L O P M E N T CENTRE, I N D I A N INSTITUTE OF TECHNOLOGY K H A R A G P U R , I N D I A 
(Received 14 November 1985; accepted 28 January 1987) 
The a im of the present investigation was to study the changes brought about 
in physical soil environment by the use of var ious tillage practices and the response 
of wheat crop to the changed environment. The mould board produces the significantly 
largest clod (MWD), lowest bulk density and greatest porosity. Among tillage t rea t -
ments, mould board and disk proved superior in their yield performance. The increase 
in yield was ascribed to improved physical soil properties and root development. 
Keywords: wheat, Triticum aesetivum, soil., tillage, yield 
Introduction 
Tillage modif ies physical condition of the soil surface, but its requirement 
varies with the crops as well as with the prevailing soil climate condition. 
It is important t o define the opt imum tillage condition with respect to physical 
necessities of the crop and the root zone for a particular crop. Tillage operations 
that provide a conducive soil environment around the seeds and also provide an 
improved contact between seed and soil are generally considered to be good 
(Dasberg et al., (1962)). Unger and Stewart (1976) suggested that poor seed-
soil contact has been a major problem in ti l lage crop food production. Tillage, 
which produces clods in the range of 3.2 to 6.4 mm aggregate, may produce 
higher sugarcane yield Jain and Agrawal (1970). Finer than 3.2 mm dia aggre-
gate may produce higher bulk density and lower porosity which in turn affect 
aeration and increase soil strength. Root proliferation depends mostly on the 
soil's physical environment. Tillage directly affects the bulk density. A higher 
bulk density in t h e root zone m a y adversely affect root growth. Under such 
conditions the root development and proliferation are restricted, which restrict 
the feeding zone Flocker et al., (1960). Since tillage operations involve huge 
expenditures in farming, at tempts were made t o study more precisely the crop 
requirements and then provide the correct t y p e of tillage practices. 
Material and methods 
The experiment was conducted on Kharagpur lateritic sandy loam soil. The soil has 
t he following characteristics: sand 59%, silt 23% and clay 18%; Field capacity 14.5%, wilting 
point 4.5%, pH 5 . 4 % and organic m a t t e r 0.4%. The soil is very low in nutr ients and is under-
lain by laterite, composed of colloids of Fe and Al a t about 70 cm depth . Jus t prior to the 
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Table 1 
Treatment details of experiment 
Treatment Equipment Description 
T, Mould board Ploughing with t ractor drawn mould board (MB) plough followed 
by harrowing with a tractor drawn disc harrow; 
T 2 Disk Ploughing with tractor drawn disk plough followed by harrowing 
with tractor drawn disk; 
T3 Rotary tiller Tilling of soil with rotary tiller; 
T 4 Country plough Ploughing with bullock-drawn country plough followed by bul-
lock-drawn disk harrow; 
T 5 Zero tillage The plots were not ploughed. 
seedling of wheat , the experimental plots were brought to a uniform condition as far as possible 
and various tillage implements were operated as described above (Table 1). The t r ea tment 
consists of five tillage practices which were replicated thrice. A single pass was made in respect 
to implements in all the cases during the same day at the proctor soil moisture content of 9.8%. 
Wheat (Triticum aestivum) cultivar Kalyan Sona (S-227) was used as a test crop for the 
present experiment. This variety has two genes for dwarfing and hence has a very high degree 
of resistance to lodging. I t is an intensive and high fertilizer-responsive variety wi th 100 to 
110 days of duration. Observations in regard to fertile tiller number , number of grains per 
spike, and grain yield were taken from the plants of randomly selected 30 cm row length in 
the experimental plot. The grain yield of wheat was recorded af ter harvest and repor ted on 
kg/ha basis. The maximum depth of root penetrat ion was measured by excavating soil with 
a 50 cm length and 15 cm diameter metal cylinder. The soil was washed from the bo t tom 
un„il the root tips were visible. The length of each soil core was measured and recorded as the 
length of root penetration. They were air dried to a constant weight at 85 °C. Soil samples 
were collected for the determination of clod M WD, bulk density and total porosity. 
Results and discussion 
Clod M WD 
The clod MWD may be regarded as a measure of the structural s tate of 
seed bed that governs the physical soil properties. Table 2 reveals that signifi-
cant differences in clod mean weight diameter (MWD) could be induced by 
Table 2 
Effect of tillage practices on clod mean weight diameter (MWD), bulk density and total porosity 
Treatments 
Clod MWD 
mm 
Bulk density 
g cm-8 
Total porosity 
cm/10 cm 
T, 12.44 1.04 9.08 
T 2 12.07 1.13 8.55 
T3 8.81 1.35 5.37 
T 4 4.53 1.22 7.17 
T6 — 1.67 3.75 
SEM ± 1.42 0.028 0.327 
LSD (p _
 0.05%) 4.26 0.080 1.05 
LSD (p _
 0.0i%) 5.86 0.12 1.35 
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different til lage treatments. The clod MWD is maximum under mould board 
and minimum under rotary tiller. The higher clod MWD is attributed t o the 
occurrence of larger clods, Bhadoria (1985). Bhusan and Ghildyal (1970) 
related the occurrence of higher clods under mould board with the radius of 
curvature of the plough. 
Bulk density and porosity 
Bulk density and to ta l porosity, which are interrelated and very much 
modified b y tillage tools, h a v e direct bearing on the crop performance. The bulk 
density was found to be significantly lower in tilled plots and was related t o the 
larger clod sizes, although there is no marked difference among tillage treat-
ments. The decreased bulk density is associated with increased porosity which 
reflects an increase in the fraction of bulk volume not occupied with solids. 
Similar observations were made by Burwell et al (1963). There is a significant 
variation of porosity be tween the treatments. The soil under zero ti l lage had 
the maximum bulk density and hence the minimum porosity. 
Grain yield 
The data in Table 3 indicate that grain yield is significantly higher in 
tilled than untilled plots. Maximum yield is recorded under the mould board, 
followed closely by the disk. The country plough gives a significantly higher 
yield than the rotary tiller at 5% level. The latter, t h o u g h inferior t o other 
tillage treatments, has b e e n found better for untilled plots . Similar patterns 
were also observed for y ie ld attributes such as tiller number , grains per spike, 
etc. It also appears that poor root development and proliferation under smaller 
clods (T4 and T5) restrict t h e feeding zone, which ul t imate ly affect the wheat 
grain yield. Reddy and Dakshina Murti (1971) also support these observations. 
Table 3 
Yield and yield attributes of wheat as influenced by tillage treatments 
Treatment 
Fertile tillers 
30 cm drill 
(number) 
Grain per-
cent epike 
(number) 
1000 grain 
weight, g 
Grain 
yield, 
kg/ha 
Tx 25.13 62.41 35.02 3496.6 
T2 24.22 60.33 34.64 3392.8 
T3 16.93 53.03 30.78 2249.1 
T4 18.92 54.17 32.18 2865.4 
T6 15.88 47.55 29.41 1938.0 
SEM ± 1.28 1.25 0.484 193.1 
LSD (p _
 0„5%) 3.86 3.76 1.65 578.2 
LSD (p _
 0 01%) 5.16 5.01 1.92 771.1 
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Table 4 
Root length and root weight of wheal as influenced by tillage practices 
Treatment Root length (cm) Root weight (g) 
T, 
T 3 
T3" 
T 4 
T 6 
35.33 
36.83 
24.26 
22.15 
21.53 
1.55 
3.16 
4.26 
26.24 
26.18 
21.39 
15.16 
11.01 
1.39 
2.84 
3.82 
SEM ± 
LSD (p _ „,„5%) 
L S D
 (P - 0.01%)  
The root length was significantly affected b y tillage treatments . The mould 
board plough produced longest roots, and shortest roots were found in zero 
tilled plots. The variation in the root weight followed the same trend as that of 
root length (Table 4). The mould board opens up the subsurface soil and allows 
an easy infiltration of water, which also increases the root length and root 
weight. As a result, roots could exploit more moisture and soil nutrient from a 
greater soil depth, favourably influenced b y adequate aeration, due to lower 
hulk density and higher porosity. A better root growth indirectly facilitated 
the growth of wheat and produced a higher grain yield. The above mentioned 
favourable physical soil environment was found to be created by a mould 
board and a disk in the seed bed. This has provided the adequate seed-soil 
contact to permit f low of water to roots, which is an index of t he crop estab-
lishment. Khan (1980) also reported that the use of a mould hoard helped keep 
the bulk density low, and a greater moisture retention in t h e soil throughout 
t h e growth period of a groundnut crop. 
Bhadoria, P. B. S. (1985): Characterisation of soil condition of puddled and unpuddled soil. 
J. Agron. and Crop Sei. In press. 
Bbusan, L. S., Ghildyal, B. P. (1970): Effect of radius of curvature of mould board on soil 
structure. Indian J. Agril. Sei. 42, 1-5. 
Burwell, R. E., Allmaras, R. R., Amemiys, M. (1963): A field measurement of total porosity 
and surface micro-relief of soil. Soil Sei. Soc. Am. Proc. 27, 697—700. 
Dasberg, S., Morin, J . , Hagin, J . (1962): Experiments with urea formaldehyde on a loose soil 
11. The soil conditioning effect . Israel J. Agril Res. 12, 145-152. 
Flocker, W. J . , T imm, H., Vomocil, J . A. (1960): Effect of soil compaction on tomato and pota-
to yields. Agron. J. 52, 345-347. 
Ja in , N. K., Agrawal, J . P. (1970): Effect of clod size in seed bed on development and yield 
of sugarcane Soil Sei. Soc. Am. Proc. 34, 795—797. 
Khan, A. R. (1980): Studies on physical edaphic propert ies of soil under different tillage and 
water management in relation to groundnut crop. Ph. D. thesis, I I T , Kharagpur. 
Unger, P. W., Stewart , B. A. (1976): Land preparation and seedling establishment practices 
in multiple cropping system. Multiple cropping, pp . 255-273 Amer. Soc. Agron. 
Acta Agronomica Hung. 37, 1988 
References 
Acta Agronomica Hungarica 37 (3—4), pp. 269 — 275 (1988) 
Plant genetics and breeding 
SELECTION OF EARLY HEADING WHEATS 
IN THE PHYTOTRON 
L . L Á N G a n d L . B A L L A 
AGRICULTURAL RESEARCH I N S T I T U T E OF T H E H U N G A R I A N ACADEMY OF SCIENCES, 
MARTONVÁSÁR, H U N G A R Y 
(Received 13 May 1986; accepted 5 July 1986) 
The experiments were intended to s tudy the possibility of selecting for early 
heading in the phytotron. P lan t s from F4 populations and from t h e parents were raised 
on an l l - h o u r day, af ter flower initiation, and the heading da t e was recorded. The 
possibility of selection was evaluated by means of progeny tes t ing. 
As a result of the phytotronic plant raising programme, heading was delayed. 
The difference in vegetation period between the varieties substant ial ly increased. 
The variation for t h e heading of hybrid popidations was many times greater 
than t h a t observed in the field. 
Field progeny tes t ing of individuals, which had differing heading dates in the 
phytotron, confirmed the possibility of selection in the phyto t ron for the combinations 
GK Tar j án /NS 2699 and Olesen / К - l / / Mv 5. A successful selection for heading da te 
can be carried out in the phy to t ron if there is a t least 3-4 days difference in the vegeta-
tion periods. 
The combination Sz 3468/Mv 5 continued to segregate for heading date in the 
F 5 generation, so the selection of early plants from this populat ion was ineffective. 
Keywords: davlength response, earliness, wheat 
Introduction 
Early ripening in w h e a t is a favourable agronomic trait from several 
points of view. Early varieties avoid the danger of pathogens, drought, heat 
and other stress effects wh ich occur in the second half of the vegetat ion 
period, particularly during t h e later stages, and cause considerable damage. 
In addition, early ripening has many advantages for farm management. 
Genetically, the vegetat ion period is determined polyfactorially. The 
length of the development phases depends to a great extent on climatic factors, 
so it is difficult to determine the vegetation periods of the varieties in a single 
year (Balla 1967). 
Climatic chambers and modern greenhouses are becoming more and more 
widespread, opening up possibilities for accelerated, more efficient breeding. 
To date, a wheat breeding method has been elaborated combining the phytot -
ron, greenhouse and field facilities; and a technique has been developed for the 
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simultaneous greenhouse selection of semi-dwarf and powdery mildew-resistant 
genotypes (Balla 1980a, 1980b, Bedő et al. 1980). It would be expedient to 
expand the greenhouse selection technique to include selection for earliness. 
This would necessitate a method by which those plants t h a t head and ripen 
early, under f ield conditions, could be reliably selected under such conditions as 
greenhouse temperature, l ight , etc. 
The most important environmental factors regulating the flowering date 
are daylength and temperature (Bonner and Galston 1952). According to 
Yasuda and Shimoyama (1965) the earliness of winter w h e a t depends almost 
entirely on the sensitivity of the plant to a short photoperiod, after vernali-
zation. A s tudy of 208 spring and winter wheats demonstrated a very close 
(r = 0.873***) significant correlation between the photoperiod sensitivity and 
vegetation period. 
The effect of short days on the vegetat ion period can still be demonstrated 
after flower initiation (Purvis 1934, McKinney and Sando 1935, Gott 1961, 
Bawson 1971, Balla 1982) and even during the flowering and ripening periods 
(Thorne et al. 1968). 
The later development of the ear also proceeds most rapidly under long-
day illumination (Biddell et al. 1958, Halse and Weir 1970), though the day-
length requirement in this period may differ from the photoperiod needed for 
flower initiation (Biddell et al. 1958). 
In experiments carried out by Purvis (1934) on rye and Halse and Weir 
(1970) on wheat , several varieties which had passed beyond t h e flower initiation 
stage neither headed nor f lowered under short day conditions. The ears of these 
varieties became old and died in the leaf sheath. 
The idea that breeding programmes should be devoted to accelerating 
flower development and exploit ing the hereditary differences in the develop-
ment rate, was raised a considerable time ago by Pinthus (1963). 
Evans et al. (1975) warn of the possible hazards this would involve, since 
an accelerated, shorter f lower development period could lead to a reduction in 
productivity in the number of spikelets, and possibly in t h e number of fertile 
flowers. The optimum rate of flower development ensures a satisfactory number 
of spikelets and flowers and an adequate grain filling. Depending on the local 
environmental conditions, th i s compromise will differ f rom one variety to 
another. 
The possibility of selecting wheat t y p e s with rapid f lower development 
and early heading was studied by Láng (1981, 1982). The results show that , in a 
controlled environment, when plants are raised on an 11-liour day after f lower 
initiation, varieties with different vegetation periods can be readily distin-
guished. In order to confirm these results, a selection experiment was set up in 
the Martonvásár phytotron. 
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Mater ia l and m e t h o d s 
The experiments were carried out at the Agricultural Research Insti tute of the Hun-
garian Academy of Sciences, Martonvásár, between 1981 and 1984. Three F3 populations 
originating from crosses between early and medium early varieties were chosen for the experi-
ments, together with the parent (Table 1). 
Table 1 
Combinations and varieties tested 
Combinations Varieties 
Olesen/Krasnodari 1/Mv 5 Olesen 
Krasnodari 1 
Martonvásári 5 
Sz 3468-5-14-3-1-0/Mv 5 Sz 3468-5-14-3-1-0 
Martonvásári 5 
GK Tarján/NS 2699 GK Tarján 
NS 2699 
The plants were raised in t he phytotron between April 1st and November 1st 1981. 
The vernalization treatment was carried out using a method described in the li terature and 
modified at Martonvásár. The whea t grains were germinated for 48 hours in Petri dishes at 
18 °C, then planted in plastic tubes filled with soil and vernalized a t + 2 °C under weak blue 
illumination (1000 lux) for 50 days in vernalization chambers. 
At the end of vernalization, the plants were transferred to pots and placed in two GB 
chambers. During the initial stages of development, until the 28th day after planting out , i.e. 
approximately until the beginning of shooting, the plants were raised at 14-16 °C with a day 
illumination of 13-15 hours, followed by 11-hour daylenght t r ea tmen t until heading, The 
heading date was recorded separately for each p lant . After the completion of heading, the 
plants were ripened at 20-22 °C wi th a 15-hour daylength and harvested individually. 
In 1982/1983 the yield of 15-22 plants per populations with differing heading dates 
were sown in the field for progeny testing. The parent varieties used in the combinations were 
also sown. The experiments were set up under opt imum field conditions in the Martonvásár 
wheat nursery. The rows were spaced 15 cm, the plants 5 cm apa r t , surrounded by border 
strips. 
The heading date was determined for each individual plant and recorded as the number 
of days from January 1st. 
The correlation between heading date in t he phytotron and t h e field was determined 
for each population by means of correlation analysis. 
In 1983/1984 progeny tes t ing was repeated in head rows and the heading da te was 
determined. 
R e s u l t s 
U n d e r t h e p lant r a i s i n g c o n d i t i o n s a p p l i e d in t h e p h y t o t r o n , t h e h e a d i n g 
d y n a m i c s o f t h e v a r i e t i e s a n d p o p u l a t i o n s d i f fered c o n s i d e r a b l y f r o m t h a t 
o b s e r v e d in t h e f i e ld . W h i l e i n t h i n s t a n d s i n t h e f i e l d , t h e m a i n ears o f i n d i -
v i d u a l w h e a t var i e t i e s h e a d e d w i t h i n 3 - 8 d a y s , d e p e n d i n g o n t h e t e m p e r a t u r e , 
u n i f o r m i t y , e t c . ; s low, d e l a y e d h e a d i n g w a s o b s e r v e d i n t h e p h y t o t r o n e x p e r i -
m e n t . T h e h e a d i n g of e a c h . v a r i e t y t o o k 7 - 1 8 d a y s . 
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Under the effect of daylength treatment, not only did the heading period 
of the varieties become substantially longer, but the deviat ion in the mean 
value of the varieties also greatly increased. The varieties Krasnodari 1 and 
Martonvásári 5, which generally head on the same day in the field, also had 
similar vegetat ion periods in the phytotron. At Martonvásár, the lines GK 
Table 2 
Heading date in the phytotron (number of days from planting out) Martonvásár, 1981/1982 
Variety, population n X 8 cv% Interval Variation range 
GK Tar ján /NS 2699 114 60 5.24 8.69 51--77 27 
GK Tar ján 20 53 1.97 3.70 50--56 7 
NS 2699 18 70 3.34 4.80 65--77 13 
01esen/K-lF e / /Mv 5 268 61 7.18 11.76 52--77 26 
Olesen 17 52 3.76 7.26 48--59 12 
Krasnodari 1 15 67 4.32 6.44 60--77 18 
Martonvásári 5 19 65 3.34 5.10 59--75 17 
Sz 3468-5-14-3-1-0/Mv 5 129 64 4.4 6.93 55--75 21 
Sz 3468-5-14-3-1-0 20 60 3.66 6.16 54-66 13 
Martonvásári 5 15 72 3.52 4.92 67--77 11 
Table 3 
Heading date in the field Martonvásár, 1982/1983 
Variety, population n X 6 cv% Interval Variation range 
GK Tar ján/NS 2699 80 135 2.50 1.85 129--142 14 
GK Tar ján 11 131 1.01 0.77 129--132 4 
NS 2699 25 138 1.51 1.09 135- 142 8 
Olesen/K-1 F//Mv 5 205 137 9.82 7.16 133- 141 9 
Olesen 32 133 1.06 0.80 131- 134 4 
Krasnodari 1 34 138 1.43 1.03 136- 141 6 
Martonvásári 5 44 139 1.14 0.82 137--142 6 
Sz 3468/Mv 5 98 135 13.89 10.28 133--142 10 
Sz 3468 3 133 1.00 0.75 132- 134 3 
Martonvásári 5 29 139 1.18 0.85 137--141 5 
Tarján and N S 2699 head 5 - 6 days apart on average under field conditions; 
whereas, under the plant raising conditions applied in t h e phytotron, this 
difference increased to more t h a n 16 days. There was a similar increase in the 
differences between the vegetat ion periods of Sz 3468 and Martonvásári 5, and 
between those of Olesen and Martonvásári 5 (Tables 2 and 3). 
The plants of the hybrid populations, that were t e s t e d headed over an 
interval of 21 -27 days (Table 2), which is m a n y times greater than the period 
observed in the field. The heading dynamics showed normal distribution in all 
three populations. 
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On the heading of individual plants it is characteristically found that , 
irrespective of the genotype, a few poorly developed plants head late, which 
slightly distorts the downward branch of the normal distribution curve. 
This can also be observed in the case of phytotronic raising. 
The heading dates of t h e populations were intermediate; neither positive 
nor negative transgression was observed. 
The deviation and variance coefficients of heading date in the populations 
tested were significantly greater than those of the parent varieties in the case of 
the combinations GK Tarján / N S 2699 and 01esen/K-l / /Mv 5, and moderately 
so for the combination Sz 3468/Mv 5. 
The prolongation of heading under short-day plant raising conditions in 
the phytotron would appear to facilitate the separation of genotypes with 
different vegetation periods, producing differences in heading which are only 
found in the field in years w i t h extreme weather conditions. It follows, from 
the wide intervals of heading t ime obtained in the phytotron, that there will 
only he a deviation in the heading time of varieties or individuals in the f ield if 
there was a difference of several days in the phytotron. Progeny tests were 
used to check whether the differences in heading date were due to experimental 
error or to the magnification of real differences in the vegetat ion period between 
the genotypes. 
Field tests on the progeny of plants heading at different times in the 
phytotron showed the following results (Table 3): In 1983 under field conditions 
the heading dates of the variet ies were characteristic of the varieties; there was 
a difference of 5—7 days be tween the heading of early and late parent varieties. 
Within the varieties, the range for heading varied b e t w e e n 3 and 8 days. 
The deviation values were smaller than in the phytotron, although varieties 
which headed over a longer period in the phytotron also headed longer in the 
f ield. 
The mean values of heading time for the populations, as in the phy-
totron experiment, also fell between the mean values of the parents in the 
field. None of the populations produced individuals earlier than the early 
parent and only one plant in the Sz 3468/Mv 5 combination headed later than 
the late parent. 
The range for the heading date of the populations t e s ted was 9 - 1 4 days 
under field conditions, approximately half of the value observed in the phy-
totron. 
When comparing heading dates in the phytotron and under field condi-
tions, the following results were obtained (Table 4). 
The heading date of F 4 populations of GK Tarján / N S 2699 and Olesen/ 
/K-1/ /Mv 5/, observed under phytotronic plant raising conditions, was also 
significantly reproducible under field conditions. Individuals which headed 
early in the phytotron were also early in the field; this indicates that, for these 
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Table 4 
Correlation between heading dates in the phytotron and in the field Martonvásár, 1982/1983 
Combination г a 
ь 
GK Tar ján/NS 2699 0.773*** 120.5 0.25 
Population + parents 0.752*** 115.1 0.32 
Olesen/K-1//МV 5 0.845*** 121.3 0.26 
Population + parents 0.839*** 121.3 0.26 
Sz 3468/Mv 5 0.329 131.3 0.08 
Population -j- parents 0.465 124.9 0.17 
0.63*** 119.3 0.27 
two populations, successful selection can be carried out using the climatic 
programme employed in the experiment. It can be seen from the value of the 
regression coefficient that there must be a difference in heading date of some 
four days in the phytotron if there is to be a perceptible difference in vege-
tation period in the field. 
In the case of the Sz 3468/Mv 5 population, no correlation was found 
between heading date in the phytotron and under field conditions, despite the 
fact that the heading dates of the parent plants showed a close correlation 
(r = 0.970* and r = 0.999*) in the two experiments. The reason for the lack 
of correlation may be that the population is still segregating for vegetation 
period. This is confirmed b y t h e repeated progeny test (Table 5). The vegetation 
Table 5 
Correlation between heading dates in 1983 and 1984 
Combination r a ь 
GK Tarján/NS 2699 0.838*** 34.5 0.84 
Population + parents 0.870*** 35.4 0.83 
01esen/K-l//Mv 5 0.565* 100.9 0.36 
Population + parents 0.561** 99.9 0.37 
Sz 3468/Mv 5 0.431 69.1 0.58 
Population + parents 0.805*** —29.6 1.31 
0.839*** 20.5 0.95 
period of F g ear progeny lines originating from ears selected in the F 4 generation 
shows the weakest correlation with the data of the previous year (r = 0.431) 
in this combination. Since t h e parent varieties did not segregate for heading 
date, the joint correlation of the population and the parents is close and 
significant (r = 0.805***). 
Further segregation for heading date can also be observed in the Olesen/ 
/K-1/ /Mv 5 population. 
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GENETIC ANALYSIS FOR SEEDLING VIGOR, 
FORAGE AND SEED YIELD IN LEO BIRDSFOOT 
TREFOIL (LOTUS CORNICULATUS L.) 
O G H E N E K O M E U . O N O K P I S E 1 a n d D W I G H T T . T O M E S 2 
D E P A R T M E N T OF CROP SCIENCE, UNIVERSITY OF GUELPH, GUELPH, ONTARIO, CANADA 
(Received 16 September 1985; accepted 20 December 1985) 
From a population of Leo Birdsfoot trefoil in the f o u r t h cycle of a recurrent 
selection programme, and from an unselected population of certified Leo, genotypes 
were obtained and evaluated for seedling vigor, forage and seed yield. An autote t ra-
ploid inheritance model was then used to determine the genetic variability present in 
both populations. 
The mean performances for all three trai ts in the selected population was higher 
than those of the unselected population. Estimates of broadsense heritability were 
low to moderate for the trai ts . However, zero narrowsense heritability was obtained 
for seedling vigor in the selected population, while estimates of narrowsense heritability 
were higher than broadsense for seed yield in both populations. Additive genetic variance 
estimates were positive in both populations, but dominance variance estimates were 
negative. Implications for autotetraploid breeding and product ion of synthetics were 
discussed. Parent-offspring correlations were low to moderate , while trait correlations 
were generally positive. 
Keywords: birdsfoot trefoil, autotetraploid, heritability, additive and dominance 
variance, seedling vigor, forage and seed yield 
I n t r o d u c t i o n 
B e c a u s e of i t s p e r e n n i a l g r o w t h h a b i t , t o l e r a n c e t o poor d r a i n a g e a n d 
a b s e n c e o f b l o a t w h e n g r a z e d b y l i v e s t o c k , b irds foot t r e f o i l has b e c o m e an 
i m p o r t a n t f o r a g e l e g u m e i n t h e U n i t e d S t a t e s and e a s t e r n Canada . I m p r o v e -
m e n t s o n t h e Leo c u l t i v a r h a v e been f o r b e t t e r s e e d l i n g v i g o r , forage a n d s e e d 
y i e l d ( T w a m l e y , 1971; S a n d h a and T w a m l e y , 1973; a n d Conje a n d Car l son , 
1973) . S t u d i e s on g e n e t i c v a r i a b i l i t y o f t r e f o i l h a v e b e e n f e w and far b e t w e e n 
( A l b r e c h t s e n e t al., 1 9 6 6 ; T w a m l e y , 1 9 7 2 ; S a n d h a e t a l . , 1977; T o m e s e t al . , 
1983) . T h e e s t i m a t e o f n a r r o w sense h e r i t a b i l i t y for s e e d l i n g v igor h a s b e e n 
f o u n d t o b e as l ow as 0 . 1 2 % ( T w a m l e y , 1 9 7 2 ; O n o k p i s e , 1 9 8 0 ) ; t h e r e b y s u g g e s t -
i n g t h a t g e n e t i c v a r i a b i l i t y present a m o n g var ious b i r d s f o o t trefoi l p o p u l a t i o n s 
for s e e d l i n g v igor , is d u e t o d o m i n a n c e or ep i s ta t i c i n t e r a c t i o n s . 
S a n d h a et al., ( 1 9 7 7 ) , o b t a i n e d m o d e r a t e e s t i m a t e s o f broad s e n s e her i t -
a b i l i t y f o r s eed y i e l d , p l a n t he ight , f o r a g e grading a n d seeds per p o d for 
1
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 At present Research Manager, Biotechnology Dept. Pioneer Hi-Bred Internat ional , 
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p o l y c r o s s p r o g e n i e s and p a r e n t s of s e l e c t e d p l a n t s of t h e c u l t i v a r Leo. T h e i r 
e s t i m a t e s o f d o m i n a n c e v a r i a n c e were n e g a t i v e , whi le e s t i m a t e s of a d d i t i v e 
v a r i a n c e w e r e p o s i t i v e a n d h i g h . T o m e s e t a l . , (1983) , f o u n d t h a t e s t i m a t e s o f 
a d d i t i v e v a r i a n c e a n d b r o a d s e n s e h e r i t a b i l i t i e s were s i m i l a r in se lec ted a n d 
u n s e l e c t e d p o p u l a t i o n s o f L e o B i r d s f o o t t r e f o i l for f o r a g e y i e ld . A l t h o u g h , 
e s t i m a t e s o f a d d i t i v e v a r i a n c e w e r e s i g n i f i c a n t in b o t h p o p u l a t i o n s , o n l y t h e 
d i v e r s e u n s e l e c t e d p o p u l a t i o n s h o w e d s i g n i f i c a n t e s t i m a t e s of d o m i n a n c e 
v a r i a n c e . T h i s p a p e r r e p o r t s o n t h e genet i c a n a l y s i s of an u n s e l e c t e d p o p u l a t i o n 
o f c e r t i f i e d L e o a n d a s e l e c t e d p o p u l a t i o n f r o m t h e f o u r t h c y c l e of a r e c u r r e n t 
s e l e c t i o n p r o g r a m m e of L e o B i r d s f o o t t re fo i l . 
M a t e r i a l and m e t h o d s 
Polycross progenies for the genetic analysis of Leo Eirdsfoot trefoil were produced ni 
the growth rooms of the Crop Science Dept. at the University of Guelph. Growth rooms were 
maintained at 22/20 °C and 16hr/8hr day (light intensity; 200 microeinsteins) and night 
conditions respectively (Onokpise, 1980; Onokpise et al., 1985). The progenies were obtained 
from an unselected population of the cultivar Leo and a selected population of the same 
cultivar in the 4th cycle of a within-half-sib recurrent selection programme (Tomes et al., 
1983). Seedling \ igor for parents and progenies was determined in t h e growth rooms, while 
forage and seed yield were evaluated at the Flora Experiment Stat ion of the University of 
Guelph as reported elsewhere (Onokpise et al., 1985). Briefly, seedling vigor was obtained 
by measuring top growth 6 weeks af ter planting, while forage yield was determined by har-
vesting plants, three months af ter field planting. The plants in each plot were bulked as to 
their progeny and parental types, and dried in a high temperature dryer a t 80 CC for 48 hours 
and dry weights were then taken on a plot basis. The dried plants were then threshed for 
seed yield determination, which was achieved by weighing seeds of progeny and parental 
p l an t s separately. 
Genetic analysis 
The data for genetic studies were analyzed on a mean plot basis using a randomized 
complete block analysis of variance and covariance to improve the efficiency of genetic analysis. 
The replication and genotypic effects were assumed to be random. Genotypic and phenotypic 
variances for parental genotypes and polycross progenies were calculated f rom expected mean 
squares while parent offspring covariances were obtained from their expected mean cross 
products (Scossiroli et al., 1963). 
Assuming autotetraploid inheri tance for birdsfoot trefoil (Dawson, 1941; Bubar and 
Miri, 1965), the genotypic variance for polycross progenies (half-sibs) is equal to 1/4 a \ -f 1/36 05 
(Kempthorne, 1969). These would provide for estimates of additive and dominance variance 
when the follwing equaoations er solved: 
1/4 <r| + 1/36 <хь = o"ks (1) 
1/2 c i + 1/61, = dpQ (2) 
where is covariance among half-sibs and <7p0 is parent-offspring covariance. The simul-
taneous equations reduce to the following: 
a \ = 6ct|8 — ap0 (3) 
= 9"RO — 18<R|E (4) 
The standard error for CTJ, and o f was obtained by taking the square root of the following 
equations: 
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Varfoj , ) = (9<r|o — 1 8 + + = 81V(+ 0 ) + 324V(<r|B) — 324 Cov(uf0 , + a ) (5) 
Similarly, V a r ( + ) = 36V(+ 8 ) + V(cr|0) - 12 C o v ( + 0 , rr|8) (6) 
Broad sense heritabilities (Falconer, 1981) were estimated for parental genotypes and 
polycross progenies using genotypic and phenotypic variances. Narrow sense heritabilities 
were determined by taking parent-offspring regressions with polycross progenies as half-sibs. 
This approach is considered the best for est imating narrow sense heritabilities among auto-
tetraploids (Swanson et al., 1974). The formula for the parent-offspring regression (Kemp-
thorne, 1969) is given by 
, 1/2 + + 1/6 + ... 
where 1/2 o f -f- 1/6 erf, is the covariance of parents and offspring and a} is the variance among 
parents. 
Additional assumptions necessary for t he calculations included: no epistasis, random 
choice of paren ts for the production of experimental progenies, no genotype X environment 
interaction effects, chromosome type segregation, linkage equilibrium, random cross pollin-
ation in the production of half-sibs, no maternal effects. 
Genotypes and phenotypic conponents of variance were used to calculate genotypic 
and phenotypic correlations between parents and progenies, and among the three t ra i t s (seed-
ling vigor, forage and seed yield) within parents and within progenies. 
Resul t s a n d d i s c u s s i o n 
T h e m e a n p e r f o r m a n c e a m o n g p a r e n t a l g e n o t y p e s and p o l y c r o s s pro-
genies , f o r a l l t h r e e t r a i t s e v a l u a t e d , w a s h i g h e r in t h e s e l e c t e d p o p u l a t i o n t h a n 
t h e u n s e l e c t e d p o p u l a t i o n (Table 1). T h i s w o u l d i n d i c a t e t h a t recurrent s e l e c t i o n 
Table 1 
Means (in grams/genotype) and standard errors for seedling vigor (S V), forage yield (FY), and 
seed yield (SY) in the selected and unselected populations of Leo Birdsfoot Trefoil 
Selected populations Unselected populations 
Parents Polycross progenies Parents Polycross progenies 
s v 
F Y 
SY 
0.71±0.25a 
140±51d 
6.26±2.73h 
1.51±0.58b 
309±60e 
20.90±6.30i 
46±21f 
0.49±0.37j 
1 ,24±0.44c 
302±65g 
17.284l.14k 
Means within the same row followed by different letters are significantly different at 5% 
student T-test . 
has b e e n e f f e c t i v e i n i m p r o v i n g t h e s e t r a i t s . A n a l y i s o f v a r i a n c e s h o w e d 
s i g n i f i c a n t d i f f erences a m o n g p o l y c r o s s p r o g e n i e s f o r al l three t r a i t s i n t h e 
s e l e c t e d p o p u l a t i o n , b u t f o r on ly f o r a g e y i e l d i n t h e u n s e l e c t e d p o p u l a t i o n 
(Table 2 ) . A m o n g p a r e n t a l g e n o t y p e s , s i g n i f i c a n t e f f e c t s w e r e f o u n d f o r s e e d l i n g 
v igor a n d s e e d y i e ld i n t h e s e l ec ted p o p u l a t i o n , and f o r f o r a g e and s e e d y i e l d in 
t h e u n s e l e c t e d p o p u l a t i o n . These s i g n i f i c a n t m e a n s q u a r e s s u g g e s t e d t h e 
presence o f s u f f i c i e n t v a r i a b i l i t y i n b o t h p o p u l a t i o n s for further s e l e c t i o n . 
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Mean cross products (Table 2) were significant for forage and seed yield in t h e 
selected populat ion while only seed yield had significant levels for the un-
selected population. This would indicate t h a t more significant differences 
between the progenies and parents as would be expected. 
Table 2 
Mean squares and mean cross products for separate analysis of variance and covariance for 
parental genotypes and poly cross progenies, for SV, FN and S Y in the two populations 
Mean squares Mean cross products 
Source 
Selected1 Unselected Selected Unselected 
Parents 
Polycross 
progenies Parents 
Polycross 
progenies 
Parents VS 
Polycross 
progenies 
Parents V S 
Polycross 
progenies 
SV 
FY 
SY 
0.36** 
2990.29 
18.70* 
1.17** 
76537.91* 1424.98* 
112.88* 0.63* 
1.69 
12259.23* 
37.86 
0.014 
698.95** 
34.90** 
86.52 
0.95* 
' Degrees of freedom: Selected population = 20; unselected population = 6. 
*** Significant at 0.05 and 0.01 probability levels. 
Heritability estimates 
The est imates of broadsense heritabilities in both populations were low 
to moderate for all three traits (Table 3). E x c e p t for forage yield, broadsense 
Table 3 
Broadsense and narrowsense heritability estimates for seedling vigor (SV), forage (FY) and seed 
yield (SY) in the selected and unselected populations 
Broadsense heritability 
<%) 
Narrowsense heritability 
(%) 
Source Selected Unselected Selected Unselected 
Parents Polycross 
progenies 
Parents Polycross 
progenies 
SV 
FY 
SY 
52.9 
7.71 
27.49 
38.18 
21.36 
31.55 
35.94 
15.90 
0.50 
31.87 
12.90 
0 + 1.0 
7.85 + 1.0 
91.35 + 13 
0.12+25.0 
73.0 + 96.0 
heritability (Hbs) was higher in the selected population than the unselected 
population. This would indicate that more genetic variability is present in t h e 
selected population than the unselected one. Sandha (1973) obtained higher 
estimates of broadsense heritability for seed yie ld and forage grading among 
parents and polycross progenies of the cultivar Leo in a population that was in 
t h e second cycle of a recurrent selection, similar to the population from which 
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materials were obtained for the present studies. Twamley (1972), and Bresciani 
(1971) however obtained heritabilities similar to those reported here. The 
estimates of broadsense heritability presented in this paper are indications of 
sufficient genetic variability available in both populations for further selection. 
Whether this variability is due to additive or nonadditive effects is discussed 
later. 
The narrowsense heritability ( H n s ) estimates in the selected population 
for forage yield were the same as Hbs (Table 3), thereby suggesting that all the 
genetic variability for this trait in the selected population is additive. The 
magnitude of Hns for forage yield would suggest that there should be further 
progeny test ing for the improvement of this trait (Hill and Haag, 1974). 
The highest estimates of Hns were obtained for seed yield in which Hbs was 
less than Hns in both populations. Theoretically, Hns should be less than 
Hbs. Difficulties in obtaining reliable est imates of Hns have been discussed by 
Hanson (1963). Parent-offspring regression can sometimes result in very high 
estimates of Hns, due to a contraction of the phenotypic scale, especially if the 
trait is influenced by strong genotype X environment effects. Polycross 
progenies used for estimating Hns were produced from 42 and 11 genotypes of 
the selected and unselected population respectively (Onokpise, 1980; Onokpise 
et al., 1985). It is therefore anticipated that the numerator would have a higher 
value than the denominator made up of phenotypic variance obtained from 21 
and 7 genotypes within each population. This contraction in the phenotypic 
scale may have resulted in the very high estimates of Hns for seed yield in both 
populations. 
Although the Hbs for seedling vigor in the selected population suggested 
the availability of sufficient genetic variability for further selection, the Hns 
was zero, which would indicate that the variability present for seedling vigor 
after four cycles of selection may be essentially non-additive. Twamley (1972) 
also obtained a parent-offspring regression of 0.12 for seedling vigor in the 
cultivar Leo. While the method used for deriving the Hns was not g iven, he 
speculated that genetic variability for seedling vigor in the base population 
may he due to dominant/epistatic gene action. 
Estimates of additive and dominance variance 
The estimates of dominance variance (оц) were negative for all three 
traits while the estimates of additive variance (од) were positive (Table 4). 
Dominance variance estimates, though negative, were higher in the selected 
population than the unselected population for forage yield but lower for seed 
yield. The estimates of од on the other hand were higher in the unselected 
population than the selected population for forage yield. 
\ 
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Table 4 
Estimates of additive and dominance genetic variance in the selected and unselected populations 
for S V, FY and seed yield 
Additive variance (стА2) Dominance variance (ctD2) 
Selected Unselected Selected Unselected 
s v 
F Y 
SY 
1.24±2.73 
575.71 ± 4 0 . 7 6 
100.42±74.15 
1198.25±12.43 
21.26±10.33 
—3.73±8.18 
—1605.78±80.70 
—245.08 ±220.93 
—3594.29±37.31 
—62.81±31.19 
Negative estimates of dominance variance should be regarded as zero 
(Robinson et al. , 1955, Christie, personal communication). This woidd suggest 
t h e absence of dominance variance in both populations for seedling vigor 
forage and seed yield. However, the broad sense heritability estimates indicated 
t h e presence of nonadditive genetic effects for these traits in both populations. 
Therefore, some of the assumptions made in t h e derivation of ctq and <Тд m a y 
not hold true. Among these assumptions were: no epistasis, random cross 
fertilization in t h e production of progenies, no genetic maternal effects and 
random selection of parents. 
The presence of epistatic interactions can cause disturbances in the 
derivation of егц. Although Twamley (1974) found no maternal effects for 
seedling vigor and seed size in Morshank trefoil, studies in other forage crops 
t end to indicate t h e presence of singificant maternal effects (Gutek et al., 1976). 
Maternal effects can lead to higher estimates of genetic components of variance 
and hence bias t h e estimates of crb- Furthermore, the problem of limited popula-
t ion size, especially in the unselected population (11 clones), could result in the 
lack of random parental selection. One factor t h a t may influence the derivation 
of crb is non-random cross-fertilization in the production of polycross progenies. 
T h e non-random cross fertilization in forages has been reviewed (Gorz and 
Haskins, 1971) and there is some evidence of preferential crossing among trefoil 
plants (Schaaf and Hill, 1979). Such assortative mating would result in an 
upward bias for <Td and a downward bias for o&. The magnitude of such bias 
could be such as to result in negative est imates of Oq (Lindsay et al., 1962). 
Negative est imates of aD for seed yield and forage grading have also been 
reported for Leo birdsfoot trefoil (Sandha et al., 1977). 
The pos i t ive estimates о сг'д may include interactions of the additive X 
X additive variance. The од for fseedling vigor lends support to this idea. The 
narrow sense heritability for th i s trait in t h e selected population was zero, 
suggesting the absence of additive genetic variance in that population. Falconer 
(1981) indicated that estimates of Од made f rom parent-offspring covariance 
included <ТДА -F- СГДАД . . ., etc. This situation will be greater for autotetraploids 
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(Levings and Dudley, 1969), where digenic, trigenic and tetragenic interactions 
are known to be very strong (Carnahan, 1960; Demarly, 1963; Gallais, 1968; 
Dessureaux and Gallais, 1969). Although the present studies did not provide 
direct estimates for epistatic genetic effects, it is however postulated that сгд 
obtained here, not only includes СГДА + О Д А А + U A A A A • • •> etc., but also the 
additive X digenic, additive X trigenic, additive X tetragenic, . . . etc. , epis-
tatic interactions (егдо + c a t + c a f • • •> etc.). 
This will result in very high est imates of сгд and a subsequent increase in 
the est imate of broad sense heritability. 
Theoretically, repeated selection should result in an accumulation of 
favorable genes (quality genes) and better gene combinations through crossing 
over and recombination (Webel and Lonquist, 1967). Whether such selection 
increases or decreases the average gene effects in the population, or increases 
favorable gene interactions, is a subject that has received limited attention 
(Rotili, 1976). Nei (1963), proposed that during selection in diploids the average 
gene effects declined rapidly after each cycle of selection. This decline was 
followed by ( 7 Д Д , and the least affected were O A D and <TDD- This would suggest 
that, for an autotetraploid, many epistatic interactions will still remain after 
several cycles of selection. The maximum heterozygosity has been suggested for 
better performance in autotetraploids (Dunbier and Bingham, 1975). This may 
involve favorable genotypic structures and favorable gene combinations for a 
given trait or traits. If selection results in these gene combinations and struc-
tures, t h e n there would be greater changes of epistatic interactions, which will 
lead to a low heritability for combining ability among plant genotypes thus 
selected. Therefore, if heritability is low in Syn 0, the Syn 1 generation com-
bining abil ity will be low and Syn 2 m a y even be lower; hence lower forage and 
seed yield. Such decline is what is generally experienced in forage breeding 
(Twamley, 1972). Too large a proportion of epistatic gene action with its low 
heritability can also result in low yields. It is therefore important that , before 
any of the genotypes from the selected population used in the present s tudy are 
put into a synthetic, they are tested for several generations so that only superior 
genotypes are composited into synthetics, if yields are not to decline in future 
generations of the synthetics. 
Correlations 
The genotypic and phenotypic correlations between progenies and parents 
in the selected population were zero for seedling vigor; and except for seed 
yield in the selected population, both types of correlations were low to moderate 
for forage yield in the two populations (Table 5) and seed yield in the unselected 
population. The low parent-offspring correlations are a reflection of the low 
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Table 5 
Parent-offspring correlations for seedling, vigor, forage and seed yield in the two populations 
Source 
Genotypic correlations 
<rQ) 
Phenotypic correlations 
(rp) 
Selected Unselected Selected Unselected 
Seedling Vigor 0 _ 0.02 
Forage Yield 0.47 0.001 0.15 0.02 
Seed Yield 1.30* 0.23* 0.76 0.20 
* Significant at P < 0.05. 
heritability est imates and the presence of non-additive genetic effects, while 
the zero correlations for seedling vigor in the selected population also reflects 
the zero narrowsense heritability for this trait as earlier discussed. 
Among parental genotypes in the selected population, seedling vigor was 
negatively correlated with forage yield (Table 6) and forage yield was positively 
Table 6 
Genotypic (rQ) and phenotypic (rp) correlations among the three traits in the 
selected and unselected populations 
Selected population Unselected population 
Source Forage Yield Seed Yield Forage Yield Seed Yield 
rG r P rG r P rG r P rG r P 
Seedling Vigor 
Parents —0.73* —0.33 0.01 0.07 
Progenies 1.05* 0.62* 0.30 —0.19 0.57 0.30 0.83 0.61 
Forage Yield 
Parents 
Progenies 
* Significant a t P < 0.05. 
correlated with seed yield. For polycross progenies, positive genotypic corre-
lations were obtained between seedling vigor and the other traits which were 
also positively correlated in both populations. These results agree with those of 
Miller, 1969; Sandha et al., 1977. These positive genotypic correlations among 
all three traits within the polycross progenies is due more to the fact that , 
during the four cycles of selection, all three traits were emphasized for improve-
ments. Therefore, further improvements in any one of the traits should not 
adversely affect the other traits, since favourable gene combinations for the 
traits may have been built into the population. 
0.40 
0.70 
0.35 
0.19 
1.12* 
1.17* 
0.89* 
0.89* 
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RELATIONSHIP BETWEEN SEED YIELD, OIL 
CONTENT AND THEIR COMPONENTS IN SESAME 
(.SESAMUM INDICUM L.) 
H . E . O S M A N 
DEPARTMENT OF A R I D LAND A G R I C U L T U R E , KING A B D U L A Z I Z UNIVERSITY, J E D D A H , 
S A U D I ARABIA 
(Received: 10 April 1986; accepted 15 December 1986) 
Eleven male — sterile X male — fertile sesame (Svsamum indicum L.) hybrids, 
and their parents were evaluated for one season a t t he USDA Cotton Research Station 
in Shafter, California. Oil content and yield per acre (as dependent variables) and seven 
of their components were determined and used to compute partial and multiple regres-
sions as well as multiple correlation coefficients in bo th the F,'s and their parents. 
Number of capsules per p lant and plant height accounted for 87.2** (in the F t ' s ) 
and 95.0**% (in the parents) of the variability in yield. Partial regression analysis 
indicated tha t , when average heights of 253 cm in t h e F , ' s and 217 cm in the parents 
were maintained, number of capsules per plant was the most impor tan t character 
— followed by number and weight of seeds per capsule — to be considered in selecting 
high yielding strains. 
With few exceptions, all of the regression and correlation coefficients computed 
for oil content were either low or insignificant, indicating the difficulties encountered 
in selecting for th i s t rai t . 
Keywords: sesam, Sesamum indicum L., seed yield, oil content 
Introduction 
Knowledge of inter-relationships among morphological characters and 
yield is invaluable t o the breeder in selecting desirable strains. The present 
s tudy deals with partial, multiple regression and correlation analysis between 
seed yield/oil content (as independent variable) and seven of their components 
in 11 sesame hybrids and their parents. 
Sikka and Gupta (1949), Osman and Khidir (1974) worked out simple, 
partial and multiple correlations and regression between plant height, number 
of branches per plant , number of capsules per plant and seed yield in sesame, 
reporting that the greatest contribution to yield was made b y number of 
capsules per plant followed by plant height and for number of branches per 
plant. Phadnis et al. (1969-70) worked out contributions of various plant 
characters to total yield in eight cultivars of sesame and observed that the 
highest contribution (43.2-89.0%) was made b y number of capsules per plant. 
To the best of m y knowledge, no work was conducted to evaluate the 
contribution of various plant characters in the variability associated with oil 
content in sesame. 
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Materia l a n d m e t h o d s 
Eleven inbred sesame lines selected f rom the University of California sesame breeding 
nursery at Riverside were crossed to a male-sterile stock, isolated from a tropical material 
obtained from D. B. Mazzani, Centro de Investigationes Agropecuarias, Maracay, Venezuela. 
Eleven Fj hybrids were obtained. The 11 F , hybrids and their 11 parents were planted in the 
Summer of 1979 at the USDA Cotton Research Station in Shafter , California. Detailed de-
scription of the materials and methods for t he trail were given in a previous paper (Osman 
1986). Regression and correlation analyses were computed as suggested by Snedocor and 
Cochron (1967). 
R e s u l t s a n d d i scuss ion 
Plant characteristics 
T a b l e 1 p r e s e n t s t h e m e a n a n d t h e s t a n d a r d error of t h e 9 c h a r a c t e r s o f 
t h e 11 s e s a m e h y b r i d s a n d the ir p a r e n t s . A t - t e s t i n d i c a t e d t h a t , o n t h e a v e r a g e , 
t h e F j / s w e r e s i g n i f i c a n t l y ta l ler ( P = 0 .01 ) a n d h a d a h igher y i e l d t h a n their 
f e r t i l e p a r e n t s . 
Table 1 
Variability in 9 traits in 11 sesame hybrids and their parents 
F, 'H Parents 
Character and code*  
Range Mean + S.E. Range Mean + S.E. 
(1) Plant height (cm) 209-- 2 7 7 253 + 13.0 179--271 217 + 10.9 
(2) Height to I and capsule (cm) 78-- 1 7 1 132 + 98.3 61--209 127+9.4 
(3) No. of capsules/plant 36-- 8 4 60 + 8.8 22-- 9 7 54 + 6.5 
(4) Capsule length (mm) 25.3--40 .5 32.0 + 1.1 21.0--49 .0 33.6 + 1.5 
(5) No. of seeds/capsule 27-- 7 4 46+4 .0 9-- 5 8 38 + 3.3 
(6) Weight of seeds/capsule 0.09 -0 .23 0.15+0.01 0.03 -0 .20 0.12 + 0.02 
(7) 1000 — seed wt. (g) 2.77-- 3 . 5 7 3.16 + 0.1 1.80 - 3 . 5 6 2.9 + 0.2 
(Y) Yield/acre (kg) 118-- 6 0 8 320+47 30--382 212 + 50.1 
(0) Oil content (%) 51-- 5 8 54.1+0.5 51-- 5 5 53.4+0.4 
* Characters code (1, 7 and Y, O) presented in this table are consistantly used in other 
tables. 
Partial regression coefficients 
I n t h i s s t u d y , p a r t i a l r e g r e s s i o n c o e f f i c i e n t s w e r e w o r k e d o u t s e p a r a t e l y 
for y i e l d a n d oil c o n t e n t s (as d e p e n d e n t v a r i a b l e s ) i n b o t h of t h e F ^ s a n d t h e 
p a r e n t a l g r o u p s . I n a l l , 4 2 c o e f f i c i e n t s , 6 for e a c h c h a r a c t e r ( e . g . b y 1.2, 
b y 1 . 23 , b y 1 . 234 , b y 1 . 2 3 4 5 , b y 1 . 2 3 4 5 6 a n d b y 1 . 2 3 4 5 6 7 , for p l a n t h e i g h t ) were 
w o r k e d o u t for e a c h s e t o f d a t a . Of t h e s e t h e o n l y s i g n i f i c a n t c o e f f i c i e n t s are 
p r e s e n t e d i n T a b l e s 2 a n d 3. 
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Out of the 84 partial regression coefficients computed for seed yield, only 
14 coefficients (5 in the Fx's group and 9 in the parental group) were significant 
(Table 2). Among these, coeff icients of yield with number of capsules per plant 
Table 2 
Partial regression coefficients of yield (Y) and some agronomic characters in 11 sesame hybrids 
and their parents 
Code Partial s. E. F-value 
coefficient 
Hybrids 
b y 2.1 - 4 . 3 1.2 17.7** 
by 3.1 6.6 1.3 24.5** 
by 4.1 17.1 6.2 7.6* 
by 5.1 8.3 1.8 22.1** 
by 6.1 2192 542 16.3** 
Parents 
by 3.1 3.5 0.7 23.9** 
by 3.12 3.6 1.0 13.1** 
by 3.124 3.6 1.1 10.8* 
by 3.12456 3.7 1.2 8.7* 
by 5.1 6.5 2.4 7.5* 
by 5.12 5.8 2.1 7.5* 
by 6.1 2985 577 26.8** 
by 6.12 2739 689 16.8** 
by 6.12345 2985 1457 12.0* 
* and ** significant at 5 and 10% levels, respectively. 
(by 3.1), independent of plant height, had the highest F-values and the minimum 
standard error in both the F x ' s and the parental group. Coefficients of seed 
yield with number of seeds per capsule (by 5.1 = 8.3) in the F4's and of weight 
of seeds per capsule (by 6.1) in both the F^s and the parents , independent of 
plant height, were also highly significant (P = 0.01). This indicates the number 
of capsules per plant as well as the number and weight of seeds in these capsules 
were the most important y ie ld contributing characters. Among these, the 
number of capsules seemed t o be the most important. This is in accordance 
with Sikka and Gupta (1949), Osman and Khidir, (1974a) all of whom empha-
sized the importance of the number of capsules per plant in the same selection 
programmes. 
Apart from the coefficients with number and weight of seeds per capsule 
(Table 3), none of the partial regression coefficients computed for oil content in 
either the Fj's or the parental group was significant. However, since both 
these characters had an opposing effect on oil content, a compromise must be 
reached in selecting both these two traits if maximum oil content is to be 
obtained. 
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Table 3 
Partial regression coefficients of oil content (О) and some agronomic characters in 11 sesame 
cultivars 
Code Partial S. E. F-value 
coefficient 
—0.45 0.10 19.3** 
—0.50 0.51 71.9** 
136.19 34.59 15.50* 
137.85 19.22 57.41** 
by 05.12346 
by 05.123467 
by 06.123467 
by 06.123467 
* and ** significant and 5 and 1% levels respectively. 
Multiple correlations 
In this study, multiple correlation coefficients (R) were worked out 
separately for yield/acre and oil content in both the F ^ s and the parental 
group. All R-values computed for yield except for Ry . 1234567 in the F^s were 
significant. On the other hand, all R-values computed for oil content, except 
for RO. 1234567 in the parent group were insignificant (Table 4). Coefficients of 
Table 4 
Multiple correlation coefficients of yield (Y) and oil content (0) and seven agronomic characters 
in 11 sesame hybrids and their parents 
Multiple correlation coefficient 
Code* Seed yield (Y) Oil content (О) 
Hybrids Parents Hybrids Parents 
12 0.868** 0.926*** 0.579 0.392 
123 0.928** 0.975*** 0.639 0.467 
1234 0.939** 0.975*** 0.663 0.628 
12342 0.944** 0.976*** 0.680 0.703 
123456 0.963** 0.994** 0.725 0.747 
1234567 0.974 0.995* 0.841 0.988 
+ in reading coefficients for oil content, replace у by 0. 
*• ** and *** significant at 5, 1 and 0 .1% levels respectively. 
determination (R2) ranged f rom 75.4** to 94.9 in the F x ' s and from 85.7*** 
to 98.9* in the parental group, indicating t h a t most of the variability in yield 
can be accounted for by its association wi th the 7 characters included in this 
study. However, among these characters the number of capsules showed to be 
the most important. 
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Multiple regression 
Of the many multiple regression equations worked out , only those that 
had the highest F-values, minimum standard error, lowest number of characters 
combination and comparatively the highest Revalues were selected and are 
presented in Table 5. At this level, coefficients of determination indicated that 
about 87.2** and 95.0*% of the variability in the mean yie ld was accounted 
for by its association with plant height and number of capsules per plant in the 
Fj's and their parents, respectively, indicating the reliability of these traits in 
selecting high yielding strains. 
Table 5 
Selected regression models for yield and oil content for 11 sesame hybrids and their parents 
Model Measure Regression R' 
code 
Kg/acre Seed yield 
Fj 's 320 ±66.7 y = 1158.1 + 6.6X4 — 4.9X, 0.872** 
Parents 212 ±41.9 y = 543.0 ± 3.5X4 — 2.4X, 0.950*** 
% Oil content 
Fj ' s 54.1 ±1.40 0 = 60.8 + 0.045X4 — 0.037X, 0.409 n.s. 
Parents 53.4±0.85 О = 52.7 ± 0.005X, ± 86.16X, 
— 0.282X« 0.725* 
*> ** and *** significant a t 5, 1 and 1% levels, respectively. 
Note: characters: X, . X ,, X„ and X7 are the same as 1, 4, 6 and 7 in Table 1. 
Regression models worked out for oil content revealed that about 
72.5*% of the variability in this character in the parental group was associated 
with plant height, number and weight of seeds per capsule. None of the various 
character combinations evaluated in the Fj's had a significant contribution in 
the variability associated wi th oil content. This is expected, since oil content 
has a low heritability est imates (Osman and Khidir, 1974b) and is highly 
effected by the environment (Kluijver and Smilde, 1960; Kinman and Stark, 
1954; Singh et al. 1960). Hence in assessing inter-relationships involving oil 
content, other characters — both vegetative (e.g. leaf area, petiole length) 
and environmental factors (e.g. day length, days of the growing season) 
should be considered. 
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EFFECT OF MUTAGEN TREATMENTS ON 
POLLEN STERILITY IN PEAS ( P I S U M SATIVUM L.) 
V o H U N G 
U N I V E R S I T Y OF HORTICULTURE, D E P A R T M E N T OF PLANT G E N E T I C S AND B R E E D I N G , 
BUDAPEST, H U N G A R Y 
(Received: 21 May 1986; accepted 20 October 1986) 
The experiment was aimed at s tudying the modifying effect of d i f fe ren t dates 
of gamma radiation and EMS t rea tment on pollen sterility in various pea varieties, 
with special regard to producing male sterile forms for use as basic material in cross-
breeding. 
Under the influence of mutagen treatments the frequency of steri le pollen 
increased in both varieties examined. I n the variety Gloria di Quimper for example, 
the proportion of sterile pollen grains in t h e control was 1.35 + 1.2%, while in the 15kr 
gamma radiation t r ea tment it was 50.12 + 3.1%. 
With a gamma radiation rate of 15kr, the pollen steri l i ty of some p l an t s in both 
varieties examined ranged between 30.0 + 0.3 and 62.4 + 1.5%. Completely sterile 
plants were not found. 
I n the radiation garden at Szigetcsép — with CO60 of 150 Curie ac t iv i ty as 
source of radiation and a distance of 5 m between the source and the plants — irradia-
tion resulted in a slight increase in t he percentage of sterile pollen, compared to the 
control both in the Mx and M, generations of pea varieties examined. 
On repeated examinations of pollen sterility in the M2 generation wi th different 
mutagen treatments, it was found tha t t h e proportion of sterile pollen grains in the M, 
generation considerably decreased, compared to the M4 generation. 
Keywords: EMS treatment, g a m m a radiations, mutagen t rea tments , pollen 
sterility, pea varieties 
I n t r o d u c t i o n 
C r o s s i n g is peas is a n e x t r e m e l y c o m p l i c a t e d p r o c e d u r e . T h e p e a is a 
se l f - fert i le p l a n t ; t h e a n t h e r s dehisce b e f o r e the b u d s o p e n , and so p o l l i n a t i o n 
a n d f e r t i l i z a t i o n t a k e p l a c e e v e n b e f o r e b l o o m i n g . T h e w o r k of c r o s s i n g w o u l d 
b e eas ier i f m a l e steri le f o r m s were a v a i l a b l e . 
Male s t e r i l i t y w i t h t h e s i m u l t a n e o u s fer t i l i ty o f t h e f emale s e x u a l organs 
o f t e n o c c u r s i n wi ld p l a n t s . This f a c t s u g g e s t s t h a t t h i s c o n d i t i o n c a n be 
b r o u g h t a b o u t a r t i f i c a l l y . 
T h e q u e s t i o n t o b e answered b y t h e e x p e r i m e n t s described b e l o w was 
w h e t h e r , i n t h e case o f t h e se l f - fert i le p e a plant , m a l e steri le f o r m s c o u l d be 
p r o d u c e d . 
A c c o u n t s of our r e s u l t s h a v e a l r e a d y been g i v e n i n several p u b l i c a t i o n s . 
T h e p r e s e n t p a p e r d e a l s w i t h some a p p l i c a t i o n s o f g a m m e i r r a d i a t i o n (seed 
t r e a t m e n t , s o w i n g in t h e rad ia t ion g a r d e n ) and w i t h t h e e f fec t o f var ious 
ra tes o f E M S t r e a t m e n t o n s o m e p e a v a r i e t i e s . 
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For some decades a number of publications have dealt with studies on 
pollen sterility, mainly in tomato , cereals and sunflower. Experiences h a v e 
shown an increase in the proportion of sterile pollen in the above plants in 
response to mutagen treatments; in some cases pollen sterility reached 1 0 0 % 
(Rich 1948, 1975, Barabás 1961, 1962, Kurnik et al. 1962, Phatak et al. 1966, 
Kasemhe 1967, Lapushner et al. 1967, K a p á s 1969, Philouze 1969, 1974. 
Bozzini 1974, Driscoll et al. 1976, Sadakuma e t al. 1978, and Ramage 1981). 
On methods of inducing sterility in peas , few literary data have been 
published so far. 
Speckmann (1964) treated the pea seeds w i t h EMS solution for 24 hours 
at various temperatures. When examining t h e progeny, he found that t h e 
frequency of ferti le plants increased with t h e temperature of treatment. 
Graskina et al. (1960) produced sterile mutants with neutron f lux (in 
Kurnik 1969). 
Tamássy et al. (1967) found that, of all treatments applied, only t h e 
30-minute neutron radiation induced sterility in the pea variety Rondo. 
From seeds treated with 0.5% solution of ethyl-methane sulphonate (EMS) 
Tamássy obtained some plants w i t h partial pol len sterility. 
Wellensiek (1964) studied t h e fertility of peas in M2 generations obtained 
from different mutagen treatments and found tha t , with the increase of dose, 
ferti l i ty decreased. 
According t o our data, g a m m a radiation was the most effective of the 
three treatments in increasing sterility, followed b y the X-ray and then by the 
EMS treatment (Vo Hung 1973). 
The effect on fertility of t h e mutagens described in the literature was 
chosen as the subject of our investigations w i t h all the above taken into 
consideration, and special attention was paid to the character and extent of a 
possible male steri l i ty. 
Material and methods 
The experiments were set up a t t h e Department of Plant Genetics and Breeding of t h e 
Universi ty of Hort icul ture . 
Mutagen treatments 
(1) Dry seeds t r ea t ed with 5, 10, 15 and 20 kr g a m m a radiation*. The t reatments were 
carried out a t t he Laboratory of t he Isotope I n s t i t u t e of the Hungar ian Academy of 
Sciences. 
(2) Dry seeds t r e a t e d with 0.1, 0.3 and 0.5% solutions of ethyl-methane sulphonate 
(EMS) for 12 hours. 
The pea varieties used were: "Glor ia di Quimper" (round seeded) and "Er ika" (mar-
rowfat). 
(3) Pea varieties sown in the Szigetcsép radiation garden : "Gloria di Quimper" ,"Express '* , 
"Debreceni világos zöld" (round seeded peas), "Vir idis" , "Er ika" (marrowfat peas). 
The source of radiation was: CO60 with 150 Gurie activity; the dis tance between t h e 
source and t h e plants: 5 m. 
* 80 r/minute intensity 
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For pollen examinations, ful ly developed flowers were collected. The viability of t h e 
pollen was determined by the carmine acetic acid staining method. Pollen grains, if fu l l of 
plasm and stained red, were regarded as fertile, in t he opposite case t h e y were sterile. The 
number of pollen grains was determined in 10 fields of vision for each preparation. 
With 5 preparations X 10 fields of vision, a to ta l of 50 data per var ie ty and dose were 
obtained. 
Results 
Pollen sterility in the М
г
 and M2 generations 
The frequency data of sterile pollen are given in Table 1. In the Mj 
generation of the variety Gloria di Quimper, the proportion of sterile pollen 
was 1.35 + 1.2% in the control and 50.12 + 3 .1% in the 15 kr gamma radiation 
treatment. 
Under the influence of mutagen treatments, the frequency of sterile 
pollen increased in both varieties examined. The difference is statistically 
reliable. 
The two varieties examined did not much differ in the effect of mutagen 
treatments. 
With repeated examinations of the M2 generation in the above treatments 
the following results were obtained: the proportion of sterile pollen consider-
ably decreased compared to t h a t in the Mx generation, and was only in some 
cases higher than in the control. 
I 
Fig. 1. "Gloria di Quimper", fertile (left) and sterile (right) pollen (gamma 15 kr). Blow-up: 
X 1800 
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Table 1 
Pollen sterility induced by gamma radiation and EMS treatment in population 
Treatment Fertile 
M 
Sterile Total examined 
(n) pollen (n) Sterile pollen. % 
Mj generation (1985) Variety: "Gloria di Quimper" 
Control 1574 21 1595 1.35 + 1.2 
gamma 5 kr 1020 146 1166 12.26 + 2.8*** 
gamma 10 kr 1017 421 1438 29.24 + 3.3*** 
gamma 15 kr 798 814 1642 50.12 + 3.1*** 
EMS 0.1% 1165 104 1269 8.19 + 1.8** 
EMS 0.3% 1051 315 1366 23.06 + 2.2*** 
EMS 0.5% 926 322 1248 25.80 + 2.1*** 
M, generation. Variety: "Erika" 
Control 1485 17 1502 1.14 + 0.8 
gamma 5 kr 1078 106 1184 8.95 + 2.9* 
gamma 10 kr 915 455 1370 33.21+2.6*** 
gamma 15 kr 824 602 1426 42.21+3.4*** 
EMS 0.1% 1361 95 1456 6.52 + 1.9* 
EMS 0.3% 1124 291 1412 20.60 + 1.2*** 
EMS 0.5% 724 368 1062 33.69 + 2.1*** 
M2 generation (1986) Variety: "Gloria di Quimper" 
Control 1344 15 1359 1 .11+0 .6 
gamma 5 kr 1228 72 1300 5.86 + 2.5 
gamma 10 kr 1423 66 1489 4.43 + 1.8 
gamma 15 kr 1086 80 1166 6.86 + 2.6* 
EMS 0.1% 1318 77 1395 5 .51+2 .4 
EMS 0.3% 992 40 1032 3.87 + 2.0 
EMS 0.5% 1501 98 1599 6.12 + 2.2* 
M2 generation. Variety: " 'Erika" 
Control 1196 13 1209 1.07 + 0.7 
gamma 5 kr 1422 74 1496 4.95 + 2.0 
gamma 10 kr 1014 72 1086 6.62 + 2.2* 
gamma 15 kr 1218 88 1306 6.73 + 2.8 
EMS 0.1% 921 54 975 5.53 + 2.5 
EMS 0.3% 1371 82 1453 5.64 + 2.0* 
EMS 0.5% 1125 75 1200 6.25 + 2.7 
* : The difference at P = 5% is significant. 
**: The difference at P = 1% is significant. 
***: The difference at P = 0.1% is significant. 
Correlation coefficient and linear regression equation for pollen sterility % 
(in generation M,) and rate of gamma radiation: 
rx y = + 0 . 9 0 * 
Y ' = 0.91 + 2.98X* 
The difference is significant (P = 10%) 
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Examination of pollen sterility in gamma irradiated plants of the M1 generation 
With a 15 kr dose of gamma radiation pollen sterility in the Mj generation 
was 5 0 . 1 2 ^ 3 . 1 % in the variety Gloria di Quimper and 4 2 . 2 1 ± 3 . 4 % in the 
E rika. Individual plants of the varieties Gloria di Quimper and Erika were 
also examined for pollen steril ity. Ten plants per variety were chosen at random 
and given 15 kr gamma radiation. From each of them, 5 f lowers were col lected 
and determined for sterility percentage. The aim was to find out whether 
there was any plant that showed 100% pollen steriliy. 
As seen in Table 2, pollen steriliy in the above varieties ranged b e t w e e n 
3 0 . 0 ^ 2 . 3 and 6 2 . 4 ^ 1 . 5 % . Completely sterile plants were not found in either 
of the two varieties, only semi-sterile ones were produced. 
Co60 induced pollen sterility (in radiation garden) 
In response to irradiation with Co60, the frequency of sterile pollen grew 
slightly both in the Mj- and M2 generation of the pea varieties sown in the 
radiation garden. In the variety Gloria di Quimper for example , the proportion 
Table 2 
Gamma radiation induced pollen sterility in some plants 
Fertile Sterile Total Sterile 
Treatment <») examined pollen (n) pollen, % 
Variety: "Gloria di Quimper" 
Treatment: gamma 15 kr 
l 525 411 936 43 .9±1 .9 
2 478 605 1083 55 .8±1 .4 
3 622 487 1109 43 .9±2 .6 
4 408 680 1088 62 .4±1 .5 
5 812 703 1515 46.4 ± 2 . 2 
6 502 588 1090 56 .6±1.1 
7 495 555 1050 53 .3±3 .0 
8 628 414 1042 39 .6±1 .5 
9 785 337 1122 30 .0±2 .3 
10 708 906 1614 56.1 ± 1 . 8 
Variety: ' ' E r i k a " 
Treatment: gamma 15 kr 
1 723 514 1237 41 .5±2 .1 
2 627 805 1432 55.4 ± 1 . 4 
3 516 442 998 44 .2±2 .7 
4 625 401 1026 39 .0±1.9 
5 802 644 1446 44.5 ± 3 . 0 
4 625 401 1026 39 .0±1.9 
5 802 644 1446 44.5 ± 3 . 0 
6 574 801 1375 58 .4±1.8 
7 877 501 1378 43 .6±1.2 
8 912 490 1402 34 .9±3 .1 
9 466 584 1050 55 .6±1 .1 
10 668 804 1474 54 .5±2.4 
Acta Agronomica Hung. 37, 1988 
298 VO IIUNG 
Table 3 
60Co radiation induced pollen sterility in population in radiation garden 
Variety Fertile Sterile Total Sterile 
Mj generation (1985) 
"Gloria di Qaimper" 
"Exp re s s " 
"Debreceni világoszöld" 
"Vir idis" 
" E r i k a " 
"Gloria di Quimper" 
" E x p r e s s " 
"Debreceni világoszöld' 
"Vir idis" 
" E r i k a " 
1355 
1014 
1265 
1426 
978 
33 
38 
55 
39 
46 
M, generation (1986) 
1022 
1136 
1380 
988 
1414 
21 
21 
26 
24 
30 
1388 
1052 
1320 
1465 
1024 
1043 
1157 
1406 
1012 
1444 
2.37 + 1.8 
3.61 + 1.6 
4.16 + 1.1 
2.66 + 1.4 
4.49 + 1.19 
2.01 + 1.5 
1.81 + 1.3 
1.84 + 1.0 
2.37 + 1.9 
2.07 + 1.6 
of sterile pol len in the M4 generation was 1.35 + 1.2% in the control (f ield 
experiment), and 2.37 + 1 .8% in the Co60 treatment, while in the M 2 gener-
ation it was 1 .33 + 1.1% in t h e control and 2 . 1 1 + 1 . 5 % in t h e Co60 t reatment . 
Summary 
The modifying effect on pollen sterility of d i f ferent rates of gamma radiation- and EMS 
treatments was studied with various pea varieties, with special regard to producing male 
sterile forms and using them as basic material in cross breeding. 
From the results the following conclusions can be drawn: 
(1) Under t h e influence of various doses of gamma radiation and concentrations of 
EMS, the f requency of sterile pollen in the varieties included in the experiment remarkab ly 
increased. 
The percentage of sterile pollen in the M2 generation compared to the Mj generat ion 
considerably decreased, and was only in some cases higher than in the control. 
(2) Close positive correlation was found be tween the percentage of pollen sterility and 
the rate of g a m m a radiation (rXy — +0.90). 
(3) With a 15 kr dose of g a m m a radiation pollen sterility in some plants of t h e two 
varieties examined (Gloria di Quimper and Erika) r a n g e d between 30.0 + 0.3 and 62.4 + 1 .5%. 
Completely sterile plants were no t found. 
(4) In t he radiation garden the frequency of s ter i le pollen in the M, and M2 generations 
of the pea varieties examined slightly increased, compared to the control in response to Co00 
irradiation. 
To decide t h e applicability of the treatment in t h e practice of breeding, further repea ted 
experiments and observations of t h e progeny are required. 
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MICRONUTRIENTS IN SOME VINEYARD SOILS OF 
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In this work we have studied the values of general chemical parameters, micro-
elements and cationic macroelements in the three types of vi t icul tural soils (four rend-
sines, four vertisols and four red soils) most representat ive encountered in the Montilla-
Moriles area, located in Andalusian (southern Spain). We made an arithmetical mean 
profile for each type of soil, and discussed the variat ion of such parameters with dep th , 
as well as the possible deficiencies in micronutrients. One factorial analysis obtained 
from these three factors allows us to realize a dispersion diagramme indicating three 
groups of samples that coincide with the three types of selectioned soils. Finally, we 
have carried out a statistical t r e a t m e n t which has allowed us t o determine the d e p t h 
below which these soils offer t h e plant a nutr i t ional support which is not dependent on 
the types of soil in question, bu t rather on the calcareous substrate analogous throughout 
the area. 
Keywords: soil, micronutrients, vi t icul ture 
Int roduct ion 
The v i t i cu l tu ra l zone bea r ing the "appe l l a t ion d ' o r i g i n e " Monti l la-
Moriles lies in t h e southwest of t h e province of Cordoba (Spa in) and comprises 
p a r t of t h e following na tu ra l r eg ions : Campina Al ta , Campina B a j a and Reg ion 
Subét ica . I t s overal l extension is about 170.000 ha . This zone, fea tur ing a l a rge 
v a r i e t y of geological profiles ( Q u a t e r n a r y , T e r t i a r y and Secondary) , is howeve r 
charac te r ized b y t h e u n i f o r m i t y of its rock subs t ra te , cons is t ing of calcareous 
ma te r i a l s wea the red and consol idated to a va ry ing e x t e n t which resul ts in 
d i f fe ren t pedological f o r m a t i o n s — especially rendsines, ver t isoles a n d r e d 
soils. 
We should also men t ion t h e almost abso lu te p reva lence of V. vinifera 
(Ped ro X i m é n e z ) over o ther t y p e s of grapevine . Other env i ronmen ta l f e a t u r e s 
of th i s zone were profusely descr ibed elsewhere (Sánchez e t al . , 1983). 
Fol lowing earlier works which involved character iz ing t h e typical g r a p e 
of t h i s zone (Moreno et al., 1983), we have s tud ied the mic ronu t r i en t c o n t e n t s 
of t h e s e v i t i cu l tu ra l soils, as well as the i r relat ionship t o general chemica l 
p a r a m e t e r s a n d mac ronu t r i en t s , t hus con t r ibu t ing new d a t a which inc lude 
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t h e i r p o s s i b l e d e f i c i e n c i e s i n o r d e r t o g a t h e r v a l u a b l e i n f o r m a t i o n t o b e u s e d i n 
s u b s e q u e n t s t u d i e s o n t h e f e r t i l i z a t i o n a n d m i n e r a l n u t r i t i o n of t h e g r a p e v i n e 
w h i c h p r o d u c e t h e d e s i r e d w i n e v a r i e t i e s u n d e r t h e p a r t i c u l a r c o n d i t i o n s of 
t h i s v i t i c u l t u r a l r e g i o n . 
M a t e r i a l a n d m e t h o d s 
We have studied 12 vit icultural soil profiles —4 samples of each of the following types: 
rendsines, vertisols and red soils. Samples were t aken at five d i f ferent depths (0-25 cm, 25-
50 cm, 50-75 cm, 75-100 cm and 100-125 cm) since according to Branas and Vergnes (1957), 
grapevine roots usually go no deeper than 125 cm in the ground — occasionally, some of them 
may reach deph t s of 3-4 m. 
AU samples were analyzed for the following parameters: p H in paste saturated with 
H , 0 or KCl, percentage C03 , percentage organic mat ter (Sims and Haby, 1971), to ta l and 
available microelements (Pinta, 1971), percentage free ioxides (Endrev , 1963), and total (Pinta , 
1971) and available macroelements (G.T.N.M.A., 1976). In addit ion, every sample was sub-
jected to a mechanical analysis (Primo Yufera, 1973). 
From the results we obta ined an average profile for every t y p e soil and performed a 
factor analysis of main components as described in an earlier paper (Moreno et al., 1984). 
Finally, we adopted t he criteria of Sneath and Sokal (1973) to obtain the similarity 
index dendrograms for all twelve soils studied a t each of the f ive depths taken, considering 
all the variables determined. 
R e s u l t s a n d d i s c u s s i o n 
I n T a b l e 1 a r e l i s t e d t h e v a l u e s o b t a i n e d f o r t h e g e n e r a l c h e m i c a l p a r a m -
e t e r s d e t e r m i n e n d fo r t h e a v e r a g e p r o f i l e o f e a c h of t h e t h r e e soils. 
Table 1 
General parameters of soils 
Soil Profile 
type (cm) 
pH (H,0) 
X range 
pH (C1K) 
X range 
%O.M. 
X range 
%co; 
X range 
CEC (meq • kg"1) 
X range 
194 80--302 
198 91 -321 
192 42--302 
209 49--304 
181 35--295 
231 190--287 
214 121--262 
184 102--230 
147 41--275 
123 22--232 
324 210--435 
333 255--403 
317 249--358 
305 206--349 
296 289--327 
Rend-
í ted 
soils 
Verti-
sols 
0-25 7.3 7.2-7.5 6.5 6.4-6.8 1.0 0.7-1.3 32.0 23.0-39.1 
25-50 7.4 7.3-7.6 6.5 6.4-6.8 0.8 0.7-0.1 32.4 23.4-39.8 
50-75 7.5 7.4-7.5 6.4 6.3-6.5 0.5 0.3-1.0 31.7 21.2-40.6 
75-100 7.5 7.3-7.8 6.5 6.3-56.6 0.4 0.2-0.7 31.1 21.8-40.8 
100-125 7.5 7.4-7.5 6.5 6.3-6.6 0.3 0.2-0.7 30.7 19.3-42.5 
0-25 7.6 7.3-7.9 6.5 6.3-6.6 1.6 1.1-2.1 13.1 9.0-30.7 
25-50 7.6 7.3-7.9 6.5 6.4-6.6 1.4 0.8-1.8 16.2 3.1-26.8 
50-75 7.6 7.3-7.8 6.5 6.3-6.6 1.0 0.5-1.3 25.0 8.8-40.7 
75-100 7.7 7.4-7.9 6.6 6.4-7.0 0.9 0.5-1.0 32.6 15.8-44.6 
100-125 7.7 7.4-8.0 6.7 6.5-7.2 0.5 0.3-0.7 34.8 16.0-45.7 
0-25 7.4 7.1-7.9 6.4 6.2-6.6 1.3 0.9-1.8 16.8 14.8-19.9 
25-50 7.4 7.3-7.6 6.4 6.3-6.7 1.0 0.9-1.3 16.8 14.9-20.0 
50-75 7.4 7.4-7.4 6.5 6.4-6.5 0.8 0.6-0.9 16.5 12.5-20.9 
75-100 7.5 7.4-7.5 6.5 6.4-6.6 0.8 0.5-0.9 16.1 11.5-21.8 
100-125 7.5 7.4-7.6 6.6 6.5-6.6 0.7 0.3-0.8 17.6 14.3-25.9 
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As can be seen, t h e p H increases wi th increas ing depth t o a va lue of 
7.5 a n d 6.5 in w a t e r - s a t u r a t e d and KCl - sa tu ra t ed pas t e , respect ively. As regards 
t h e c a r b o n a t e con ten t , th i s is ve ry s imi lar in vert isols a n d red soils t a k e n from 
sur face layers , whereas th i s s imilar i ty is gra ter b e t w e e n red soils a n d rendsines 
a t g rea te r dep ths . 
The organic m a t t e r contenet is somewhat low — it is less t h a n 2 % in 
every case —, consis tent wi th t h e agr icu l tu ra l explo i ta t ion of th is t y p e of soil. 
T h e ca t ion-exchange capac i ty is g rea t e s t for ver t isols — a p p r o x i m a t e l y 300 
m e q - k g - 1 — due t o the i r f iner t e x t u r e and decreases r e m a r k a b l y wi th in-
creasing d e p t h in red soils. 
F ina l ly , t h e t e x t u r e of these soils is v i r tua l ly loam for r ends ines , clay 
loam for red soils and clay for ver t i sols (FAO, 1977). 
I n Table 2 are shown t h e con ten t s in cationic macroelements — b o t h total 
and avai lable . 
W e should no t e t h e higher con t en t in t h e avai lable f r a c t i o n of these 
e lements in vert isols , as well as t h e decrease wi th increasing dep th in red soils 
— rends ines have a re la t ive ly u n i f o r m content in t h e s e elements regard less of 
d e p t h . I t is also w o r t h not ing t h a t CaO is the p reva len t oxide of t h e s e soils 
whils t K 2 0 and MgO are found in s imi lar amoun t s . 
I n Tab le 3 a re l isted t h e c o n t e n t s in to ta l and available microe lements , 
f ree i ron and manganese . 
As can be observed, t h e overa l l a n d the f ree i ron contents evolved in 
m u c h t h e same fash ion and t end t o decrease wi th grea ter depth i n r ed soils, 
increas ing or remain ing vi r tual ly c o n s t a n t in rendsines and vertisols. As regards 
t h e r a t io of to ta l - to - f ree iron, this is h ighes t for red soils (close to 3 0 % near the 
surface) , fol lowed b y vertisols ( 1 5 - 2 0 % ) and rendsines (5 -7%) . Such ra t ios are 
no t so high as migh t be expected, especial ly for red soils, owing t o t h e i r high 
p H a n d ca rbona t e con ten t , wh ich al lows classing t h e m as fe rs ia ly t ic brown 
soils (Duchau fou r , 1977) since t h e y a r e n o t complete ly lubricated a n d t h e y do 
no t genera l ly exceed t h e 5YR r a n g e of Munsell 's key . 
T h e conten ts in avai lable i ron are r a t h e r low as compared wi th t h e overall 
a m o u n t of iron f o u n d . The lowest va lues a re ob ta ined fo r red soils, i n agreement 
wi th t he i r higher p H s . Moreover, t a k i n g in to accoun t t h a t these soils are the 
most f r e q u e n t m e d i u m for ferric chlorosis in t h e Monti l la-Mori les reg ion , we 
h a v e set an a m o u n t be tween 5 - 7 m g - k g " 1 of Fe e x t r a c t e d with E D T A as the 
cri t ical va lue for cu l t iva t ion in th i s v i t i cu l tu ra l zone. 
Regard ing t h e conten ts in t h e d i f fe ren t f r ac t ion of manganese (Table 3.), 
t h e r e are r emarkab l e differences b e t w e e n the soils s tud ied . Thus , t h e highest 
con t en t s in t h e t o t a l and free f r ac t ions a re found in vertisols, fo l lowed by red 
soils a n d rendsines . The evolut ion of t h e available f r a c t i o n with d e p t h is similar 
in rends ines and vert isols , whereas i t decreases s h a r p l y in red soils. Never the-
less, t h e values f o u n d seem to rule ou t t h e deficiency in th is e lement . 
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Table 2 
Contents in total cationic macroelements 
% CaO % MgO % K.O 
e--. Profile  
Soil type (
с ш
)  
range 
0 - 2 5 21.4 13.9-27.7 1.0 0.6-1.3 1.0 0.4-2.2 
25-50 21.1 15.0-24.4 0.9 0.7-1.2 0.9 0.2-1.8 
Rendsines 50-75 19.7 13.3-25.5 1.1 0.8-1.3 1.7 0.6-4.4 
7 5 - 1 0 0 20.8 13.5-27.2 1.1 0.9-1.4 1.1 0.4-1.7 
100-125 18.4 11.7-24.1 1.3 1.0-1.6 1.0 0.3-2.1 
0 - 2 5 9.8 1.4-20.8 1.0 0.6-2.0 2.0 1.1-2.7 
25-50 11.6 2.1-22.2 1.0 0.6-2.1 2.1 1.1-2.9 
Red soils 50-75 15.0 5.0-27.9 1.0 0.5-1.8 1.9 1.0-2.5 
75-100 18.9 10.0-25.0 0.9 0.3-2.2 1.6 0.7-2.6 
100-125 20.4 9.3-26.3 0.9 0.2-2.3 1.9 0.5-3.8 
0 -25 10.9 9.6-12.2 1.5 1.1-1.9 2.2 1.7-2.7 
25-50 11.4 10.2-11.9 1.5 1.0-1.9 2.4 1.9-2.6 
Vertisols 50-75 11.4 7.0-13.9 1.5 1.1-1.9 2.4 2.1-2.6 
75-100 10.9 6.8-13.8 1.4 1.1-1.8 2.2 1.9-2.6 
100-125 10.8 5.9-16.1 1.4 1.0-2.0 2.8 2.0-3.8 
Table 2 (cont.) 
Contents in available cationic macroelements (mg/100 g soil) 
Soil type
 ( c m ) _ _ 
X range X range x range 
0--25 825.3 638--1002 13.5 8--51 21.8 12-42 
25--50 822.0 630--998 11.3 6--37 13.0 7--20 
Rendsines 50--75 845.2 621--1006 11.3 7--45 11.7 5--19 
75--100 859.3 630--1010 12.3 7--61 12.1 4- 17 
100--125 875.6 638--1087 14.8 5--100 13.9 5--20 
0--25 816.6 748--953 23.8 14--51 38.0 14--59 
25--50 875.9 770--980 16.5 12--55 28.3 11--59 
Red soils 50--75 789.7 695--898 12.6 11--86 18.7 9--29 
75--100 730.3 625--800 9.7 5--12 11.9 5- 23 
100--125 716.2 568--804 7.7 3--13 9.1 2--17 
0--25 995.3 910--1162 72.3 40--112 43.6 25--58 
25--50 983.2 849--1180 76.0 38--129 30.5 22--39 
Vertisols 50--75 993.7 840--1180 94.7 47--136 24.4 21--30 
75--100 964.3 796--1133 108.9 61--155 25.8 20--36 
100--125 920.1 695--1027 138.2 84--187 23.5 17--37 
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Table 3 
Contents in total microelements of soil [(Fe.,03) (%), Mn, Cu and Zn (mg • kg-1)] 
Profile 
Soil type ( c m ) 
Retidsines 
Red soils 
Fe.,0, 
0 - 2 5 
2 5 - 5 0 
5 0 - 7 5 
7 5 - 1 0 0 
1 0 0 - 1 2 5 
0 - 2 5 
2 5 - 5 0 
5 0 - 7 5 
7 5 - 1 0 0 
1 0 0 - 1 2 5 
range 
2 . 5 
2 . 5 
2 . 7 
2 . 4 
3 . 0 
4 . 5 
3 . 7 
3 . 3 
3 . 1 
3 . 8 
1 . 0 - 3 . 6 
1 . 6 - 3 . 5 
1 . 9 - 3 . 5 
1 . 3 - 3 . 5 
1 . 5 - 5 . 3 
2 . 4 - 6 . 1 
2 . 9 - 4 . 6 
3 . 0 - 3 . 6 
2 . 0 - 5 . 0 
3 . 0 - 4 . 9 
range 
2 9 3 . 3 
2 7 4 . 5 
2 9 7 . 2 
2 9 1 . 0 
3 4 1 . 5 
5 9 6 . 0 
4 9 0 . 4 
4 5 5 . 2 
4 9 7 . 6 
5 0 1 . 2 
1 4 6 - 4 0 5 
2 2 7 - 3 1 0 
2 5 8 - 3 5 2 
2 2 5 - 4 2 7 
2 1 2 - 5 9 9 
2 8 9 - 7 3 4 
3 1 3 - 6 2 2 
3 6 5 - 6 1 0 
3 1 8 - 6 5 9 
3 6 5 - 6 9 6 
Cu Zn 
range 
3 6 . 9 
3 4 . 3 
2 8 . 4 
2 6 . 5 
1 6 . 4 
4 1 . 8 
3 6 . 2 
2 9 . 5 
3 2 . 9 
3 2 . 4 
8 - 7 3 
8 - 6 5 
5 - 2 5 
1 - 6 2 
1 - 3 9 
3 0 - 5 6 
1 9 - 4 5 
1 8 - 5 0 
1 9 - 5 1 
1 0 - 5 3 
range 
4 2 8 . 5 
3 7 0 . 9 
4 4 4 . 4 
3 5 4 . 4 
3 6 0 . 5 
3 7 4 . 5 
3 4 0 . 4 
3 2 4 . 9 
3 1 6 . 6 
3 0 9 . 7 
3 2 6 - 6 4 1 
2 9 5 - 4 1 2 
3 7 1 - 5 6 1 
3 1 0 - 3 9 8 
3 1 2 - 4 5 5 
3 0 4 - 4 1 7 
3 0 9 - 3 8 1 
3 0 8 - 3 6 2 
2 7 0 - 3 5 2 
2 7 0 - 3 5 7 
Vertisols 
0 - 2 5 
2 5 - 5 0 
5 0 - 7 5 
7 5 - 1 0 0 
1 0 0 - 1 2 5 
3 . 7 
4 . 0 
4 . 0 
4 . 5 
4 . 4 
3 . 2 - 4 . 2 
3 . 1 - 4 . 7 
3 . 4 - 4 . 4 
3 . 6 - 6 . 8 
3 . 0 - 5 . 6 
8 1 3 . 5 
8 2 9 . 2 
8 3 4 . 8 
9 9 6 . 8 
880.1 
3 4 1 - 9 5 8 4 5 . 8 
4 9 8 - 9 3 9 3 8 . 3 
5 3 3 - 1 0 1 1 3 9 . 2 
5 0 3 - 1 1 1 5 3 2 . 0 
5 4 9 - 1 0 8 4 3 1 . 5 
3 0 - 5 7 
2 5 - 5 0 
2 0 - 4 9 
1 9 - 4 2 
2 0 - 3 9 
3 2 6 . 8 
3 0 5 . 4 
3 3 2 . 1 
3 3 8 . 1 
3 3 6 . 3 
2 6 0 - 3 7 4 
2 3 3 - 3 3 6 
2 9 5 - 3 7 1 
3 1 9 - 3 6 8 
2 9 3 - 3 9 3 
Table 3 (cont.) 
Contents in available (mn • kg~l) and free (%) 
micronutrients of soil 
Soil type 
Profile 
(cm) 
Fe 
range 
Mn Cu 
range range 
Rendsines 
Red soil 
Vertisols 
0 -- 2 5 8 . 7 4 - 1 7 5 . 8 7 - 1 0 2 . 1 1 - 3 2 . 1 2 - 3 0 . 2 0 . 4 0 . 9 1 . 8 
2 5 - - 5 0 8 . 2 4 - 1 8 6 . 0 5 - - 8 1 . 5 1 - 2 1 . 6 1 - 2 0 . 2 0 . 4 0 . 8 1 . 3 
5 0 - - 7 5 8 . 3 4 - 1 8 5 . 7 5 - - 7 0 . 6 0 - 1 1 . 5 1 - 2 0 . 2 0 . 3 0 . 8 1 . 2 
7 5 - - 1 0 0 7 . 6 4 - 1 4 6 . 3 3 - - 9 0 . 5 0 - 1 2 . 2 1 - 3 0 . 1 0 . 3 0 . 9 1 . 4 
1 0 0 - - 1 2 5 8 . 1 4 - 1 9 5 . 9 3 - - 8 0 . 3 0 - 1 1 . 4 1 - 2 0 . 2 0 . 3 1 . 1 1 . 7 
0 -- 2 5 6 . 7 5 - 8 1 9 . 6 1 0 - - 3 0 2 . 2 1 - 3 1 . 8 1 - 2 1 . 1 2 . 0 2 . 8 3 . 9 
2 5 - - 5 0 6 . 4 5 - 8 1 1 . 1 8 - - 1 6 0 . 6 0 - 1 1 . 3 1 - 2 1 . 0 1 . 5 2 . 9 4 . 8 
5 0 - - 7 5 6 . 4 5 - 9 8 . 4 5 - - 1 2 0 . 5 0 - 1 1 . 3 1 - 2 1 . 0 1 . 3 2 . 4 8 . 8 
7 5 - - 1 0 0 5 . 5 4 - 7 6 . 1 4 - - 1 0 0 . 3 0 - 1 1 . 1 1 - 2 0 . 5 1 . 2 2 . 1 3 . 8 
1 0 0 - - 1 2 5 4 . 7 4 - 7 5 . 8 2 - - 8 0 . 1 0 - 1 1 . 2 1 - 2 0 . 4 1 . 2 1 . 9 3 . 7 
0 - - 2 5 9 . 7 4 - 1 1 1 4 . 0 1 0 - - 2 3 2 . 5 2 - 3 1 . 5 1 - 2 0 . 7 1 . 6 6 . 0 1 5 . 5 
2 5 - - 5 0 9 . 3 4 - 1 4 1 3 . 2 9 - - 1 9 1 . 6 1 - 2 1 . 3 1 - 2 0 . 6 1 . 7 6 . 1 1 5 . 7 
5 0 - - 7 5 8 . 2 4 - 1 3 1 0 . 9 9 - - 1 3 0 . 9 0 - 1 1 . 1 1 - 2 0 . 7 1 . 4 6 . 2 1 6 . 1 
7 5 - - 1 0 0 9 . 7 5 - 1 2 1 1 . 6 8 - - 1 8 0 . 9 0 - 1 1 . 1 1 - 2 0 . 8 1 . 2 6 . 6 1 6 . 7 
1 0 0 - - 1 2 5 6 . 5 7 - 1 6 9 . 3 7 - - 1 3 0 . 8 0 . 1 1 . 1 1 - 2 0 . 8 1 . 1 6 . 6 1 7 . 8 
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The copper contents , w h i c h decrease w i t h increasing d e p t h , are s imilar 
f o r all three t y p e s of soils. This is logical if one considers the con t inuous replen-
i s h m e n t of this e l e m e n t t h rough t h e use of phy tochemica l s . 
The zinc c o n t e n t s are s l igh t ly higher in rends ines t h a n in t h e other t w o 
t y p e s of soils. T h e f rac t ion of ava i lab le zinc r a n g e s between 1 - 2 m g - k g - 1 . 
S u r f a c e layers s h o w higher c o n t e n t s . This r a n g e c a n be considered critical f o r 
c u l t u r e soils in g e n e r a l (Trierweiler and L indsay , 1969), and fo r v ine growing 
soils in par t icu lar ( K h e t a w a t a n d Vashista , 1977), a l though t h e response of 
g r a p e v i n e to t h i s e l emen t is no t v e r y clear (Lucas a n d Knezek, 1983). 
The above-ment ioned v a l u e s were used t o build a d a t a m a t r i x of 24 
c o l u m n s (one for e a c h of the va r i ab l e s s tudied: p H in HoO a n d KCl, % O.M., 
% C 0 3 , CCC, % c l a y , % slime, % sand , % f r ee F e 2 0 3 and MnO, t o t a l Fe, Cu, 
M n , Zn, Ca, Mg a n d K , and ava i l ab l e Fe, Cu, M n , Zn, Ca, Mg a n d K) and 15 
r o w s (one per t y p e of soil and d e p t h ) . 
The next s t e p involved cons t ruc t ing t h e corelation m a t r i x (24 X 24) 
a n d diagonalizing t h e 'e igenvalues ' cor responding t o each of t h e resul t ing 24 
componen t s . T h e n , we selected t h e f i r s t t h ree componen t s whose 'e igenvalues ' 
exceeded uni ty a n d subjected t h e m to t h e v a r i m a x ro ta t ion (Kaiser , 1958). 
The ro t a t ed components wil l hence fo rward h e referred t o as factors a n d 
h a v e t h e factored we igh t s in each va r i ab l e l isted in Table 4. F a c t o r s I , I I and I I I 
a c c o u n t for 3 3 . 0 6 % , 17.73% a n d 29 .60% of t h e var iance, respect ively, i.e. 
8 0 . 3 9 % of the o v e r a l l variance a l toge ther , w h i c h is more t h a n acceptable 
( D i d a y et al., 1982) . 
The cr i ter ion chosen to ass ign t h e var iable t o each fac tor involved those 
h a v i n g the highest weights . 
Next we ca l cu l a t ed the score of every s a m p l e for each of t h e fac tors , 
subsequen t ly r u n n i n g a graph of t h e scores cor responding t o t h e di f ferent 
d e p t h s of the a v e r a g e profiles cons idered (Fig. 1). T h i s involved assigning Fac to r s 
I a n d I I to the x- a n d y-axis, respec t ive ly . 
As ref lected i n the graph, t h e r e are t h r e e distinct g roups of samples 
corresponding t o e a c h of the t y p e s of soils s t ud i ed . The f i rs t g roup , comprising 
t h e f i v e depths of t h e average p ro f i l e of rends ines , bears t h e h ighes t posit ive 
score wi th respect t o Fac tor I . T h i s t y p e of soil is t h e least evolved and has a 
m o r e marked m i n e r a l character — which is logical , t ak ing into accoun t t h a t i t 
genera l ly results f r o m t h e erosive wea the r ing of ear l ie r soils. On t h e o ther h a n d , 
ve r t i so l s are the m o s t evolved, as re f lec ted in t h e i r score — t h e lowest — w i t h 
r e s p e c t to Factor I . R e d soils show a n i n t e r m e d i a t e s ta te of evolu t ion . 
Wi th regard t o Factor I I , i t is red soils w h i c h show t h e h ighes t score, 
w h i c h seems to i n d i c a t e the ava i l ab i l i t y of less i r o n for p lants a n d hence t h e 
g r e a t e r likeliness of fe r r ic chlorosis. 
Factor I I I is somewha t c o m p l e m e n t a r y of F a c t o r I. As can be observed, 
r ends ines have n e g a t i v e scores for d e p t h s below 25 cm, which is indica t ive of a 
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Table 4 
Factorial weights of the variables 
Factor I Factor II Factor III 
1. pH (H.,0) —0.16 0.71 —0.22 
2. pH (C1K) 
—0.19 0.62 —0.50 
3. % O.M. 
—0.09 0.21 0.93 
4. % C0 3 0.69 0.16 —0.64 
5. % Clay —0.14 —0.64 —0.47 
6. % Silt 0.50 —0.57 —0.35 
7. % Sand —0.20 0.65 0.44 
8. % Fe„03 free —0.63 0.29 0.52 
9. % Mn*0 free 
—0.83 0.27 0.31 
10. % F e 2 0 3 total —0.86 0.04 0.40 
11. Cu total —0.09 0.02 0.93 
12. Mn total —0.86 —0.19 0.31 
13. Zn total 0.87 —0.28 0.07 
14. % CaO total 0.74 0.10 —0.60 
15. % MgO total —0.57 —0.69 0.13 
16. % K 2 0 total —0.89 —0.01 0.32 
17. Fe available —0.16 —0.72 0.13 
18. Cu available 0.03 —0.33 0.84 
19. Mn available —0.33 —0.06 0.91 
20. Zn available 0.87 —0.21 0.26 
21. CaO available —0.45 —0.61 0.32 
22. MgO available —0.78 —0.42 0.20 
23. K 2 0 available —0.34 —0.17 0.89 
24. C.E.C. —0.55 —0.50 0.45 
% Variance 33.06 17.73 29.60 
% Overall Variance 33.06 50.79 80.39 
R. : Red soils 
R : Rendsines 
V : Vertisols 
1 : 0 - 2 5 
2 : 2 5 - 50 
3 : 5 0 - 7 5 
4 : 75-100 
5 :100-125 
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Fig. 2 
m o r e marked m i n e r a l charac te r t h a n t h a t exh ib i t ed by red soils or ver t isols , 
whose scores in t h i s factor are o n l y negative a t dep ths below 75 cm. 
Finally, w e analyzed t h e s imilar i ty indices (cluster) fo r eve ry soil s t ud i ed 
(4 rendsines, 4 ver t i so ls and 4 r e d soils) at e a c h depth considered. 
The d e n d r o g r a m ob ta ined for the s u r f a c e layer (Fig. 2a) reveals t h e 
g r ea t e r s imi lar i ty between ver t i so ls and red soils, i.e. t h e m o r e evolved soils. 
The d e n d r o g r a m s corresponding to t h e samples taken be tween 25-50 a n d 
50—75 cm (Figs 2 b and 2c) c o n f i r m our p rev ious s t a t ement , excep t for a single 
rends ine , which lies close to ver t i so ls and red soils due to i ts grea ter e x t e n t of 
deve lopment . T h e depth be tween 50-75 cm m a r k s the s ta r t of the di f ference 
b e t w e e n red soils a n d vertisols. 
The d e n d r o g r a m obta ined for the s a m p l e s taken a t a dep th b e t w e e n 
75—100 cm re f l ec t s clearer d i f ferences among t h e th ree types of soils. On t h e one 
h a n d , there is a g r o u p of vert isols including a well-developed red soil which h a s 
n o t ye t a t t a ined i t s accumula t ion horizon С a t such depths; on t h e other h a n d , 
t h e r e is a second group consis t ing of two s u b g r o u p s : red soils and rends ines . 
As can be obse rved , the s u b g r o u p of red soils more resembles rendsines t h a n 
ver t isols at these dep ths , below which they f o r m a calcareous horizon С which 
u l t ima te ly resu l t s in the f o r m a t i o n of rends ines by the erosive wea ther ing of 
h ighe r horizons. 
Finally, t h e dendrogram of the samples t a k e n at 100-125 cm does n o t 
s h o w strong d i f fe rences be tween t h e d i f ferent t ypes of soils, which is u n m i s -
t a k a b l y ind ica t ive of the fact t h a t this is t h e d e p t h below which can be f o u n d 
t h e calcareous s u b s t r a t e , typ ica l in this zone, wherein the dif ference b e t w e e n 
t h e different t y p e s of soils is less marked . 
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Conclusions 
Of all t he e lements analyzed in t h e i r assimilable f rac t ion for g rapev ine 
cul t iva t ion , manganese seems to be t h e on ly one which is present in suf f ic ien t 
a m o u n t s so as no t t o resul t in deficiencies. However , n o correction seems t o be 
necessary for copper or zinc, t h a n k s to t h e cont inuous use of phy tochemica l s in 
one case a n d to the insignif icant response of the cu l t iva t ion to the e l e m e n t s in 
the o ther . Thus , it is iron which shows t h e greates t t e n d e n c y to cause chlorot ic 
s ta tes in th i s v i t i cu l tu ra l region — especial ly in red soils a n d rendsines. 
The fac to r analysis carried out on t h e average prof i le of the th ree t y p e s of 
soils inves t iga ted p rov ided three d i f ferent fac tors , t he f i r s t of which compr i ses a 
large n u m b e r of var iables and establishes differences according to t h e degree of 
evolut ion of t h e pa r t i cu la r soils. The va r i ab les with t h e greatest weight in the 
second f ac to r are t h e p H and the i ron c o n t e n t , which seems to i nd i ca t e t h a t 
this e lement is t h e mos t s t rongly a f fec ted b y the p H in i ts available f r a c t i o n . 
The t h i rd fac to r groups % O.M. wi th avai lable manganese and p o t a s s i u m , 
which cor robora tes t h e relat ionship b e t w e e n these two variables . The presence 
of copper in th is f ac to r can he ascribed t o t h e cont inuous use of phy tochemica l s , 
which resul t s in i ts bui ld ing up in the h igher layers. 
The dend rog rams obta ined for t h e twelve prof i les studied r e v e a l t h a t 
grapevine roots f i n d a similar nu t r i t i ona l medium in red soils a n d ver t i sols 
be tween 0 - 5 0 cm. At d e p t h s below 50 c m a n d above 100 cm, the th ree t y p e s of 
soils seem to show well-defined dif ferences , a l though t h e r e is a more m a r k e d 
s imilar i ty be tween rendsines and red soils a t depths f r o m 75 to 100 c m . F ina l ly , 
t he nu t r i t i ona l m e d i u m seems to be i n d e p e n d e n t of t h e t y p e of soil a t dep ths 
below 100 cm and to be l inked to t h e calcareous s u b s t r a t e of t h e Mont i l la -
Moriles region. 
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Animal genetics and breeding 
SOME DATA ON TWIN IDENTIFICATION 
AND PARENTAGE CONTROL USING STUDIES OF 
BLOOD GROUPS AND BIOCHEMICAL 
POLYMORPHISM 
N G U Y E N K I M D O U N G a n d T . G E R E 
R E S E A R C H CENTRE FOR ANIMAL B R E E D I N G A N D NUTRITION, GÖDÖLLŐ, HUNGARY 
(Received 28 March 1986; accepted 18 May 1987) 
On the basis of blood group studies carried out by hemolytic test and (zone) 
electrophoresis for serum transferrin on 15 067 offsprings of 500 Holstein Friesian bulls 
imported to Hungary, it was found t h a t , of the 124 twin pairs , 99 did not differ from 
each other in terms of blood groups and transferrin while t he other 25 pairs did. These 
la t te r differed in serum transferrin types and some of them also in blood group factors. 
On the other hand, using blood-typing, results for parentage control, have also been 
obtained. 
Among the 15 067 offsprings examined 1732 (11.50%) had faulty results in 
parentage control. This ratio varies between 2.90 and 28.57% depending on farms or 
bulls. These results demonstrate tha t the combination of blood groups and biochemical 
polymorphisms can well be used for application in animal husbandry. 
Keywords: bulls, Holstein Fries, blood group, paren tage identification, twin 
identification 
In t roduc t ion 
H u m a n blood g roups have been used in the forensic medicine fo r m a n y 
years in order to clar i fy quest ions of d isputed p a t e r n i t y . ABO blood groups 
were f i r s t applied in Aus t r i a in 1920 (Wiener , A. S., 1935 c i t . Niemann-Sorensen , 
1958). Since then this appl ica t ion has been in t roduced in other coun t r i es as 
well, a n d several blood g roup sys tems discovered later ( such as M, N, Bh, etc.) 
have s imilar ly been used . I t is no t surpr is ing t ha t the alleles of 13 blood group 
sys tems detec ted in ca t t l e were r a p i d l y applied to solve prob lems of d i spu ted 
p a r e n t a g e . Af te r the d iscovery of t h e polymorphic c h a r a c t e r of some serum 
prote ins such as t rans fe r r ins , a lbumins , different enzymes , etc . the n u m b e r of 
combina t ions of blood g roups and biochemical po lymorph i sms uti l izable in the 
pract ice of animal h u s b a n d r y has f u r t h e r increased. 
T h e applicat ion of b lood groups a n d biochemical po lymorph ic charac te r s 
in a n i m a l husbandry is based on two f a c t s : 
(a) Blood group a n d biochemical polymorphic alleles are t r a n s m i t t e d 
f r o m parents t o offspr ings accord ing to Mendelian rules a n d f o r m a 
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constant combinat ion (genotype) in a n indiv idual th roughou t l ife; 
(b) The exis tence of t h e l a rge number of blood group an t igens makes t h e 
creation of an unl imi ted n u m b e r of d i f fe ren t genotypes possible. 
Thus it is pract ical ly impossible to f i n d two ind iv idua ls wi th the same 
genotypes consis t ing of the s a m e blood g roup factors a n d biochemical poly-
morph ic charac te r s , with t h e excep t ion of monozygote twins (Neiman-Sorensen, 
1958; Mitat , 1972; Dohy, 1979; Fésűs, 1984). 
The appl ica t ion of b lood groups and biochemical p o l y m o r p h i s m studies is 
v e r y wide, such as individual ident i f ica t ion, examina t ion of popula t ion genetic 
s t ruc tu re , e tc . I n the present s t u d y we are deal ing wi th t w o of these: tw in 
ident i f ica t ion a n d parentage con t ro l . 
Mate r ia l and me thods 
Blood group studies were carried out using a hemolytic test and serum transferrin 
analysis by zone electrophoresis on starch gel in the^ Immunogenetic Laboratory of Quali-
fication Institute for Animal Breeding and Nutrition (ÁTMI). Five hundred imported Holstein 
Friesian bulls and their 15 067 offsprings were analysed using reagents belonging to 13 systems 
of blood groups and on the basis of serum transferrin. These animals are bred on 19 separate 
f a rms in Hungary. 
R e s u l t s and discussion 
The blood group and s e r u m transferr in f ac to r s f rom 15 067 offsprings of 
500 Holstein Fr ies ian bulls w e r e analysed. A m o n g these, 124 twin pairs were 
f o u n d . Of the 124 twin pairs, 99 pairs showed no difference fo r a n y of the blood 
g r o u p systems, even for s e r u m t ransfer r in t y p e s . Twen ty - f ive pairs differed in 
t h e i r genotypes, all differed in serum t r ans fe r r in types , a n d some of t h e m 
dif fered in blood group fac to r s . I n Table 1, 7 t w i n pairs of t h e 25 were presented 
in order to d e m o n s t r a t e these differences. The f i r s t four s amp le s differ only in 
s e r u m t rans fe r r in . The f i f th t w i n pair differs in t h e J and L b l o o d group systems. 
O n e individual possesses b o t h , t h e other does no t have a n y . The sixth pa i r 
differs in 4 b lood group s y s t e m s i. e. in the B, SU, С and R ' C ' systems. The 
seven th pair d i f fers in the J a n d L system. All of t h e m differ in s e rum t ransferr in 
t y p e s . According to genetic t h e o r y , monozygote twins a l w a y s have the same 
genet ic base, t h u s they m u s t h a v e the same blood group f a c t o r s and serum 
t ransfe r r in t y p e s . Dizygote t w i n s of two k i n d s exist. One h a s no common 
vascu la r sys tem while the o t h e r has . 
The fo rmer always has s o m e difference in blood group f ac to r s and se rum 
t rans fe r r in t ypes . I n the case of t h e second t y p e , each ind iv idua l m a y have two 
k i n d s of red cells. One of t h e m corresponds t o i t s own g e n o t y p e and the o ther 
k i n d to t h a t of i t s twin pair . According to S tone and P a l m e (1952, cit. Mi ta t , 
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of 
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Blood group systems 
FV SU R'S' 
732/9 — BIOjQYoD' C.,W 
732/9 — BIOjQYJD' C.W 
159/7 A.,H GOjYJA'B'D'EJG'Q'Y' C,EW 
159/7 A/H GOjY.A'B'D'E^G'Q'Y' C,EW 
833/7 a I H OxY2A'EáGT'Q CjEW 
833/7 A 2H OxY„A'EáGT'Q' CjEW 
1021/8 A."H GjOxY-A'E^Q' C,EWX 2 
1021/8 AÖH GjOxY^A'EjQ' CjEWX» 
294/1 — BOjYjA'EáG'P'Q' G E W X . 
294/1 — BOjYjA'EáG'P'Q' G E W X . 
1541/1 A2 P„I ' X., 
1541/1 A2 " W 
1219/0 — BOjB' WX.,1/ 
1219/0 — BOjB' V X . L ' 
Trans-
ferrin 
FV L z R'S' — — AA 
FV - — É .—. — — z R'S' — — ADj FV — — _ SU., z S' — — AD2 
FV — — — — su; z S' — — ADJ 
F J — — s — S' — — DJD2 
F J — — s — S' — — DJE 
FV J — . — — s — S' — — AD„ 
FV J — — — s — S' — — AA" 
F J L M — s z S' — T ' AD., 
F M — s z S' — T ' AA" 
F J L — — s z R'S' — — AD2 
F J L — — . — z S' — — DJE 
F J — — — uu„ z S' — — AD» 
F — L — — uu; z S' — — AA" 
CO 
CO 
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1972) such a n individual m a y occur which even possesses only 15% red cells 
corresponding t o i ts own g e n o t y p e . When t h i s happens t h e hemolyt ic r eac t ions 
obtained m a y he so weak t h a t they can be easily over looked and cause w r o n g 
conclusions fo r paren tage cont ro l . T h a n k s to blood g r o u p and biochemical 
polymorphism examina t ions , a number of monozygote t w i n s have been f o u n d 
which were good mater ia l f o r our cattle b reed ing expe r imen t s . 
For p a r e n t a g e control , 15 067 offsprings f rom 500 Hols te in Friesian bul ls 
were analysed on 19 d i f f e ren t fa rms. The fol lowing r e su l t s (see Table 2) were 
Table 2 
Blood groups and serum transferrin in parentage control 
Number Keeping place Individual Correct control Fault control Total 
of bull (country) design J B
 n % П % n % 
13 335 88.50 1732 11.50 15 067 100.00 
Baranya 758 90.56 79 9.44 837 100.00 
Békés 296 82.91 61 17.09 357 100.00 
4199 67 97.10 2 2.90 69 100.00 
4271 81 96.43 3 3.57 84 100.00 
4033 271 86.86 41 13.40 312 100.00 
4116 83 81.33 19 18.67 102 100.00 
Pest 4461 50 71.43 20 28.57 70 100.00 
obta ined: A m o n g 15 067 a n i m a l s examined 1.721 (11 .5%) proved to be in-
correct for the i r pa ren tage . T h i s rat io comple te ly corresponds to those r epo r t ed 
b y most of t h e au thors ( B u s c h m a n and Kraus l i ch , 1964; P a p p , 1972; Bell a n d 
Francis , 1970; Kovács , 1973; e tc . ) . I t means t h a t in cat t le a b o u t 10-20% of t h e 
offsprings are generally mis ident i f ied du r ing paren tage cont ro l according to 
blood groups a n d biochemical po lymorphism s tudies . I t can also be seen in Tab le 2 
t h a t this pe rcen tage varies be tween 2, 90 a n d 28 .57% in d i f fe ren t fa rms or for 
different bulls. I t is obvious t h a t the mis ident i f ied p a r e n t a g e depends on m a n y 
factors , such as a d m i n i s t r a t i o n of the herd book , the h a n d l i n g of bull spe rm, 
e tc . The causes cannot be comple te ly avo idab le , so the de tec t ion of errors is 
v e r y impor t an t in the e l imina t ion of these individuals f r o m animal b reed ing . 
Conclusion 
Blood g r o u p and b iochemica l po lymorph i sm s tudies he lp us to i d e n t i f y 
monozygote t w i n s as being p r o p e r material fo r animal h u s b a n d r y research; such 
s tudies also he lp ident i fy w h i c h offspring h a s been incor rec t ly a t t r i bu ted t o 
par t icular sires a n d dams d u r i n g parentage control , in o rde r t o eliminate t h e m 
f r o m animal breeding . The r e s u l t s of this s t u d y give f u r t h e r d a t a af f i rming t h e 
impor tance of examina t ions of blood groups a n d biochemical polymorphism in 
t h e practice of an ima l h u s b a n d r y . 
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Outlines 
The in t roduc t ion of the m e t h o d of va lue analysis in the 40 's is due to 
L. D. Miles, an Amer ican engineer. Miles endeavoured to decrease t h e produc-
t ion costs of i n d u s t r i a l commodi t ies . According to his point of v iew every 
p r o d u c t mus t h a v e some func t i on to sa t i s fy h u m a n demands . T h e func t ion 
includes bo th u s e f u l and showy fea tu res , t h e l a t t e r of which help t h e goods to be 
marke tab le . 
Using the m e t h o d of Miles m a n y companies all over the world succeeded 
in saving an essent ia l amoun t of money , chief ly b y render ing paral le l t h e func-
t ion elements a n d t h e connected costs, and b y el iminat ing super f luous contri-
bu t ions . Dur ing t h e 50's and t h e 60's t h e circle of va lue analysis was widened; 
i t was adap t ed fo r the control no t only of p roduc t s bu t also of technologies, 
called "va lue ana lys i s " , " v a l u e engineer ing" and " v a l u e con t ro l " . A t t h e same 
t i m e the m e t h o d has spread over m a n y countr ies , par t icu lar ly t h e German 
Fede ra l Republ ic and in J a p a . The economists of socialist count r ies soon 
began to a d o p t this procedure ; t h u s it became implan ted a m o n g t h e 
COMECON count r ies . I t s l i t e ra tu re is widespread in m a n y languages . 
In H u n g a r y th is method was applied a t f i r s t b y the I n s t i t u t e for Pos t -
g r a d u a t e Tra in ing of the Carl Marx Univers i ty of Economics, b y t h e t e a m of 
Miklós Lenkey . L a t e r the cause was embraced b y the Ministry of F inances , and 
also by other ministr ies , a m o n g t h e m the Minis t ry of Agricul ture and Food . 
F o r t h e reason of va lue analysis it could be used a t f i r s t to some e x t e n t in t h e 
indus t r ia l and t r a d e branches of t h e economy. I n t h e agr icul tura l p roduc t ion 
t h r e r e was n o t m u c h o p p o r t u n i t y for such a procedure . This f a c t can be 
expla ined wi th t h e f u n d a m e n t a l fo rmula , which is, generally: 
function 
value = 
costs 
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I t is clear t h a t t h e func t ion e.g. of a tab le or of an airplane mus t and can be 
de te rmined a l r eady in planning a n d m a n u f a c t u r i n g : because t h e p las t ic i ty 
of an indust r ia l p r o d u c t is — in ihesi — un l imi ted . There is a to ta l ly 
d i f fe ren t s i tuat ion as f a r as an agr icu l tura l p r o d u c t is concerned: t h e f ea tu res 
and character is t ics of corn or of mi lk for e x a m p l e cannot be changed , only 
a m o n g certain biological bounda ry lines. 
Domest ic experiences 
The technical development of t h e H u n g a r i a n agr icul ture dur ing t h e 60's 
m a d e possible the accompl i shment of some technological tasks , a m o n g more 
or less de te rmined (industrial ized) f r ames . At t h e same t ime the d e m a n d to 
bu i ld -up a so-called food economy system, in the c o u n t r y showed an u p w o r d t r e n d . 
The m a n a g e m e n t endeavoured to a t t a c h the sect ions of agricul tural p roduc t ion 
and processing t e c h n i q u e s to the same sys tem, t r y i n g to el iminate t h e cont ra-
dic t ions of special b r anches . In th i s s i tua t ion — a t m y best knowledge — we 
t e s t ed value analysis pr imari ly also in the agra r ian product ion . 
T h e expe r imen t s in the food processing and re la ted industr ies were qui te 
successful , especially in the tobacco and in t h e canned goods indus t r ies , 
as well as in the w ine ry , etc; la ter , dur ing t h e 70 's we came to t h e v e r y rura l , 
agr icul tura l fields. I t is to be unde r s tood t h a t t h e r e not the product itself b u t 
the technology and t h e organization could be analysed more easily. I t is wor thwhi le 
to a t t e m p t the va lue analysis of the opera t ion e lements of filed and hor t i cu l tu ra l 
crops. Relat ively good results could be achieved b y analysing t h e t echno-
logy of v ineyard se t t l emen t s and t h a t of ca rna t ion (glasshouse) p roduc t ion , 
as well as wi th the ra t ional iza t ion of maize growing technologies. T h e r e a f t e r more 
an ima l h u s b a n d r y sy s t ems (especially pig rear ing systems) were analysed , and 
costs could be decreased essentially. 
As it is shown b y the year ly na t iona l compe t i t ions (advert ised b y t h e 
Minis t ry of Finances) , t h e agr icul tura l b ranches do no t at present fall behind 
the o the r fields of economy . 
Methods 
I t cannot be denied tha t the agrarian economic methods have always some disadvan-
tages in comparison with industrial ones. The backlog is caused by the fact as it is much more 
difficult to prove their profitability proportion than in cases of manufacturing, where the 
processes of the products themselves are concerned. The results of agricultural production are 
very much influenced — beyond the intellectual and manual work — by biological factors 
and not completely by t h e climate. It may of ten happen t h a t the weather will eliminate most 
of the advantages (or disadvantages) due to the human intervention. This is why one cannot 
make a t rue balance on the strength of the results of only a couple of years: a longer period 
must always be used for base. In the Ins t i tu te of Economics (University of Horticulture and 
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Food Industry, Facul ty of Production) we tried to assert and enforce this principle. We also 
tried it when setting up the formula to show the surplus due to value analysis in the pro-
duction 
S = 1/t • (b , — k,)n 2 — (b, — k,)n, — (i2 — i,) 
where 
S = surplus profit , due to value analysis 
t = examined period, years 
b = returns, Ft 
к = costs, F t 
n = product units, natural units, t , piece, hi, etc. 
i = investigation sum, Ft 
index 1 means: without value analysis | , 
index 2 means: with value analysis J ' 
With the help of this formula we can approach the numerical usefulness of value analy-
sis. The examinations are continued, because our chief aim is to work out the methodical 
details which can be used by practical farm management. 
A new variation 
There is a new t r end which appears bo th necessary and promising: t o 
inc lude the va lue analysis in to healthy food production and environmental 
protection. For th i s sake we examine how t h e value of some p roduc t s changes, 
according to t h e technology; w h e t h e r it is connected wi th the increasing use of 
chemicals or is achieved wi th more modera te means . Domest ic exper iments do 
n o t give suff ic ient and a d e q u a t e d a t a — f i rs t because t h e y look b a c k to a short 
per iod, and second because mos t of t h e m were small-scale expe r imen t s (organic 
gardening) . D u r i n g t h e n e x t years we shall have t h e o p p o r t u n i t y t o s tudy t h e 
resul t s of the " N a t u r a " C o m p a n y , which means f a r m i n g on a 1000 hec tare area, 
w i t h o u t the use of chemicals . These exper iments can be precisely eva lua ted a f te r 
a cer ta in t ime . So we shall e labora te the sui table me thods , which can be 
a t t a c h e d to b o t h p rof i t ab le f a r m i n g and env i ronmen ta l p ro tec t ion . The great-
est problem was how to express , how to disclose t h e ac tua l savings in favour 
of one or the o the r fo rm of p roduc t ion . N o b o d y can deny t h a t t h e reveal-
ing of na tu r a l resources m a y el iminate considerable expenses of meliorat ion, 
which become more and more u rgen t , because of soil pol lu t ion. 
We are sure t h a t we also can f ind a great resource by uti l izing p lan t 
in te rac t ions , crop ro ta t ions , e tc . th is is w h a t m u s t be proved wi th t h e methods 
u n d e r composi t ion. 
Thus we can overcome t h e diff icult ies , re la ted to giving numer ica l sums 
as t h e quot ien t of t h e value f r ac t i on . T h a t is t o say , t h e n u m e r a t o r can be 
increased by t h e surplus price which is normal ly pa id for the so-called bio-food 
(food produced w i th biological methods) . This su rp lu s can change be tween 15 
a n d 5 0 % . At t h e same t ime t h e denomina to r can be decreased w i th t h e propor-
t i ona l pa r t of mel iora t ion costs. (These expenses are no t incur red a t all or are 
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cons iderab ly lower in t h e case of ecological f a rming , where t h e acidifying and 
erosion processes are negligible.) 
W e must emphas ize t h a t a m o n g domestic condi t ions the ac id i ty of soils 
increased during t h e las t period. T h e melioration costs change be tween 3 and 
14 t h o u s a n d F t /ha , also changing on f a rm and on na t iona l economy level 
(because of the s t a t e suppor t ) . T h e decrease of p H is due to m a n y fac tors 
(acid r a in , industr ia l a n d communa l pollut ion etc.), and , last b u t no t least , due 
to un i la te ra l fert i l izing. The a rea of acid soils in H u n g a r y approaches 2.8 
million ha , i.e. a b o u t 4 0 % of t h e t o t a l agr icul tural a rea . The s i tua t ion could 
o f t en be improved b y more n a t u r a l f a r m i n g me thods , wi th a r a t iona l supply of 
organic ma t t e r , s u p p l e m e n t i n g chemicals . In t h e U.S.A. a new t r end , the 
so-called regenera t ive f a rming has a l r eady b rough t some resul ts b y reducing 
costs of fertilizer, shown in Table 1. 
Table 1 
Experimental results of the University of Nebraska on irrigated corn (1974-77) 
Univemity of Laboratory 
Naming Nebraska . Г ~  
Area I 
Average fertilizer cost, $/ha 
Corn yield, t/ha 
Area II 
Average fertilizer cost, $/ha 
Corn yield, t/ha 
Area III 
Average fertilizer costs, $/ha 78.2 161.0 130.9 171.3 106.6 
Corn yield, t/ha 6.23 9.35 9.0 8.8 9.2 
71.0 
10.73 
140.9 
11.5 
143.0 
10.8 
174.4 
10.6 
80.0 
10.6 
83.7 
11.7 
183.1 
11.5 
156.6 
11.5 
191.8 
11.4 
103.3 
11.6 
Comments 
T h e laborator ies I , I I and I I I gave their fert i l izing proposals on the base 
of t h e same soil tes ts , i n d e p e n d e n t l y f r o m each o the r . The Univers i ty t r ied to 
save costs wi thout losing p ropor t iona l yield. We h a v e similar expe r imen t s in 
progress , however, t i m e was too sho r t for adequa te conclusions. I t would no t be 
a u t h e n t i c to relate t o t h e experiences of one or two years ; such shor t in tervals 
c a n n o t be t rus ted in agr icul tura l p roduc t ion as t o give t h o r o u g h resul ts . 
As far as the method is concerned, we can apply it v e r y well on the demon-
s t r a t i o n of connect ion be tween f u n c t i o n and costs. In wor ldwide scientif ic 
circles t h e subject is m u c h discussed, whether to endeavour maximal or optimal 
yields of field and ga rden crops. I a m convinced t h a t we can only be compet i t ive 
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and marke tab le wi th rentable production, with a p roduc t ion in which the 
p roduc t ion costs are a lways to be held below the selling price, t o g e t h e r wi th 
c o m m o d i t y product ion of qua l i ty for solvent and sound demands . 
Before achieving th i s t a rge t , m a n y problems r e m a i n to be solved and I 
a m pe rhaps not going too far in s t a t i ng t h a t t h e technica l deve lopmen t , 
coord ina ted by value analysis also m a y be of some ass is tance . 
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(Received 3 April 1987; accepted 13 May 1987) 
The charac te r iza t ion ( ident i f ica t ion) of cul t ivars (variet ies) is a m a j o r 
concern b o t h to plant b reeder s and commercia l p lant growers . Then , owing to 
the f lex ib i l i ty , the great pheno typ ic va r i a t ion and inconsis tency of classical 
morphological as well as physiological t r a i t s , p lant breeders h a d to es tabl ish 
correlat ion be tween the g e n o t y p e and pheno type wi th met iculous , longlas t ing 
observat ions , exper iments . This k ind of work has however , several pi tfal ls of i ts 
own, e.g.: t h e misdirected emphas is of cer ta in t ra i t s of s econdary impor t ance , 
the mis takes in measurements , t he fa i lure to proceed t h r o u g h successive 
generat ions , e tc . (1). In add i t ion , e.g. if a large n u m b e r of cu l t ivars of a cer ta in 
hor t icu l tu ra l p lant species was in t roduced into t h e m a r k e t , it was di f f icul t t o 
make dis t inc t ions a m o n g the mater ia l s . These all seemed t o indicate t h e 
lack of m o r e reliable, more object ive t r a i t s . As urged b y th is necessi ty, t h e 
deve lopment of b iochemis t ry , in the 1950's created a tool — t h e gel electro-
phoresis — which seems t o have p u t an end to this p rob lem. 
As i t is known, enzymes are coded b y genes. Consequent ly , b y sepa ra t ing 
the iso- and /o r al loenzymes of di f fer ing electric charges on a gel and b y a 
subsequent visualization, an object ive biochemical t r a i t can be de te rmined 
which refers t o the genotype of the p l a n t . The discrete b a n d s of zymogram t h u s 
resul t ing r e l a t e to gene a c t i v i t y much more directly t h a n do e i ther the morpho-
logical or physiological t r a i t s . The i sozyme pa t t e rn is a f unc t i on of b o t h 
genetic va r iab i l i ty and t h e degree of e lectrophoret ic resolut ion (e.g. t he appli-
cation of isoelectic-focusing). The de tec tab i l i ty of enzymes can also be a f fec ted 
b y the s t age of deve lopment of the p l a n t , the origin of t h e p l an t organ or 
tissue, e tc . 
Prepared at the Dept. of Environmental Horticulture, University of California, Davis, 
U.S.A. 
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There h a v e been n u m e r o u s studies reveal ing t h e occurrence of genetically 
controlled enzyme v a r i a n t s (25, 4, 10, 16), which also proposed their possible 
applicat ions in plant t a x o n o m y (15, 11). 
The pr inc ipa l app l ica t ions of the m e t h o d in p l an t genetics can be sum-
marized as follows: 
— s tudy of gene regu la t ion during deve lopmen t 
— gene m a p p i n g 
— s tudy of p lan t evo lu t ion 
— detec t ion of somat ic var ia t ion 
— measur ing genetic va r i ab i l i ty in p l a n t popula t ions 
— detec t ion and m e a s u r e m e n t of n a t u r a l selection, e tc . 
Despi te t r emendous progress in the field of appl ica t ion of e lectrophoret ic 
genetic evidence, we feel t h a t the hor t i cu l tu ra l appl ica t ions of this m e t h o d 
are not as numerous as i t should be. The rela t ively slow progress in this f ie ld 
can be a t t r i b u t e d to several factors . A m o n g t h e m are several problems, e.g. : 
woody perennia ls might r equ i re special sampl ing t echn iques , the secondary 
metabol i tes (mainly phenol ics) occurring in cer ta in p l a n t species necessi ta te 
the deve lopment of e x t r a c t i o n techniques , e tc . 
To d a t e several of t he se obstacles hav ing been overcome, we feel t h e 
necessity t o review some of t h e recent hor t i cu l tu ra l appl ica t ions of the electro-
phoretic genet ic evidence, mak ing it avai lable , for f u r t h e r research in th i s 
f ield. 
Equipment and procedures of electrophoresis 
The m e t h o d s for t h e e lectrophoret ic separa t ion of ac t ive enzymes f r o m 
plant t issues have been a l r eady described in several t e x t b o o k s and hand -
books. A mos t recent , comprehens ive review as well as descript ion is given 
b y Shields, et al. (28), P a r f i t t and Arulsekar (4). Gels for separa t ing iso-
enzymes can be made of such different subs tances as s t a rch , Polyacrylamide, 
agar, etc. F o r p lant iden t i f i ca t ion purposes t h e s ta rch- and Polyacrylamide 
gels are used more commonly . 
Examples of the application of electrophoretic genetic evidence in horti-
cultural crops are given in Table 1. 
I. Vegetable crops 
— Lycopersicum sp. Oue of the mos t intensively s tud ied vegetable crops 
is tomato . Most of the research on this crop was carried out b y Rick and co-
workers (7), who es tabl ished a collection of some 800 v a r i a n t s and also char-
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Table 1 
Enzyme systems applied in the characterization of horticultural species 
Enzyme system 
Species 
Acp Ant Adh Amp Cat Est Enp Gdh Got Gpi Idh Lap Mdh Me Pep Pgd Pgi Phm Prx Skdh Tpi Xdh 
Lycopersicum sp. 
Capsicum annuum 
Brassica oleracea 
Apium graveolens 
Cucumis melo 
Cucumis sativus 
Cucurbita sp. 
Fragaria vesca 
Malus domestica 
Pyrus sp. 
Prunus persica 
Stone fruits & grape 
Ornamental plants 
e.g.: Petunia sp. 
X X X X X 
X X X X X X X X X X X 
X X X X X X X 
X X X X X 
X X X X X X X 
X X X X X X 
X X X X 
X X X X X 
X X X X 
X X X 
X X X X X X X X 
X X X X X X X X X X X 
X X X X X X X 
Abbreviations : 
Aep = Acid phosphatase 
Adh = Alcohol dehydrogenase 
Cat = Catalase 
Gdh = Glutamate dehydrogenase 
Gpi = Glucosephosphate isomerase 
Lap = Leucine aniinopeptidase 
Me = Malate enzyme 
Pgd = 6-phosphogluconate dehydro-
genase 
Pgm = Phosphoglucomutase 
Skdh = Shikimate dehydrogenase 
Xdh = Xanthine dehydrogenase 
Aat = Aspartate aminotransferase 
Amp = Aminopeptidase 
Est = Esterase 
Got = Glutamate oxalacetic transaminase 
Idh = Isocitric dehydrogenase 
Mdh = Malate dehydrogenase 
Pep = Peptidase P 
Pgi = Phosphoglucoisomerase 
Prx = Peroxidase 
Tpi = Triose phosphate isomerase 
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acter ized t h e m by isozymic genet ic marke r s . They have also succeded in 
es tabl ishing a close bond b e t w e e n an acid phospha tase locus (Aps-I.) a n d 
t h e gene for resis tance to r o o t - k n o t n e m a t o d e s (Mi). In pr inciple , 10 e n z y m e 
sys tems can be well applied for t h e isozyme charac ter iza t ion of t o m a t o (Table 1) 
— Capsicum sp. The genus is surpr is ingly less s t u d i e d for i sozymic 
genet ic m a r k e r s . Nevertheless , mak ing use of the e lec t rophoret ic evidence , 
i t has been possible to d is t inguish three m a j o r groups of wild origin w i t h i n 
t h e genus (7, 8) and their domes t i ca ted t a x a : 
Table 2 
Taxa 
Wild Domesticated 
(a) Purple flowered group 
C. eximum C. pubescence Ruiz and paven 
(b) White flowered group 
C. baccatum group C. baccatum var. pendulum (Wild.) 
Eshbaugh 
(c) C. annuum group 
C. annuum var. aviculare C. annuum L. var. annuum 
(Dierb.) 
According to da ta in t h e special l i t e ra tu re , 17 e n z y m e systems h a v e 
been tes ted in an a t t e m p t t o character ize t h e genus. Bes t results , however , 
can be expec ted by using t h e following: es terase , g l u t a m a t e dehidrogenase, 
peroxidase , phosphog lucomutase , g lu t ama t e oxaloaceta te t r ansaminase , lac-
t a t e dehidrogenase . 
— Brassica sp. E lec t rophore t ic evidence had been used for the e s t ima-
t ion of t h e p ropor t ion of inbred seeds of Brassica oleracea L . as early as 1971. 
(21). The p u r i t y assessment of B. oleracea h y b r i d varieties is rout ine ly done b y 
t h e m a j o r seed companies (31, 32, 34, 6). The re are two m a j o r reasons for t h i s : 
— mechanica l harves t ing necess i ta tes t h e un i formi ty of t h e crop 
— the self - incompat ibi l i ty sys tem of th i s species does n o t always p rov ide 
an ef f ic ient protect ion aga ins t self or sib poll ination between p l a n t s 
of t h e female inbred, resu l t ing in non -hyb r id seeds. 
— Apium sp. The s t u d y of the inher i t ance of e lect rophoret ic va r i ab i l i ty 
in t h e species Apium graveolens L. s t a r ted in 1979. Since t h e n , nine i sozyme 
loci have been ident if ied and six of t h e m h a v e already b e e n mapped (22). 
— Cucurbitaceae. The F a m i l y Cucurbitaceae comprises hor t i cu l tu ra l ly im-
p o r t a n t species, several of which have been subjec t to i sozyme s tudy . 
— Cucumis sp. On the basis of an e x t e n d e d s tudy of wild and cu l t i va t ed 
C. melo popu la t ions it has been possible t o conclude t h a t I n d i a ra ther t h a n 
Afr ica should be regarded as t h e centre of divers i ty in t h i s species (12, 13). 
Similar s tudies were made w i th cucumber Cucumis sativus (14), too, revea l ing 
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2 morphological ly dis t inct forms, C. anguria var. anguria and var . longipes 
among t h e wild Cucumis species (25). I s o z y m e traits h a v e similarly been useful 
in the s t u d y of inter- a n d in t raspecif ic var ia t ions wi th in t h e genus Cucurbita, 
too (20, 21). The specific isoenzyme p a t t e r n s (mainly t h a t of the es terase) 
have p roved t o be sui table for the ident i f ica t ion , s epa ra t i on of species, vari-
eties (22). 
II. Medicinal and spice plants 
To d a t e there is a lmos t no repor t on the appl icat ions of e lect rophoret ic 
genetic m a r k e r s in this special field of p l an t s . The lack of such s tud ies is all 
t h e more w o r t h ment ion ing , as the e x a c t knowledge of the genet ic basis 
should be one of the precondi t ions for s t u d y i n g the t a x o n o m y , chemismus of 
these species. In our opin ion , the app l ica t ion of the e lec t rophoret ic genet ic 
evidence in these crops would great ly con t r ibu te to increase the ef f ic iency of 
research in th i s field. 
The c o n t e n t of special secondary metabol i tes p r e s e n t in these species 
would expec t ed ly require special e x t r a c t i o n methods, e t c . However on the 
basis of ou r prel iminary exper iments w i t h species of t h e Eleagnaceae, Labiatae, 
Solanaceae a n d Umbelliferae families, subs t an t i a l character is t ica l regular i t ies 
revealing also certain ind iv idua l va r i a t i ons could be d e t e c t e d in the E s t , Lap 
and P g m e n z y m e sys tems. 
III. Fruit crops 
— Fragaria sp. S t r a w b e r r y (F. vescad is one of t h e f rui t species in 
which t h e appl icat ion of isoenzyme gene t ic markers h a s been most r e l evan t . 
This f inge rp r in t ing me thod has been app l i ed both for measu r ing genetic var ia-
tions and t h e inher i tance pa t t e rns in polyploids (1). T h e Gpi isozyme vari-
abil i ty in t h e cultivars h a s also led t o t h e deduction ( suppor t s t h e theory ) 
t h a t cu l t i va t ed s t rawber ry arose by t h e n a t u r a l hybr id iza t ion of F. virginiana 
and F. chiloensis (10). Gpi , Lap and P h g enzyme s y s t e m s have also been 
useful in character iz ing 22 of the p re sen t ly or formerly i m p o r t a n t California 
cul t ivars of s t rawber ry (29). 
— Malus sp. Pe rox idase isoenzymes f rom shoot b a r k tissues h a v e been 
successfully applied in app le (Malus pumilla Mill.) scion cu l t iva r ident i f ica t ion . 
The isozyme pa t t e rns were consistent fo r cul t ivar , i n d e p e n d e n t of season, age 
or eco-physiological condi t ion of the p l a n t s , permit t ing cu l t iva r iden t i f ica t ion . 
The isozyme pa t t e rns were consistent fo r cul t ivar , i n d e p e n d e n t of season , age 
or eco-physiological condi t ion of the p l a n t s , permit t ing cu l t iva r iden t i f i ca t ion 
a l ready in t h e juvenile phase of g rowth (19, 20). 
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— Pyrus sp . In an i sozyme s tudy on t h e charac te r i za t ion of 37 selected 
Pyrus species a n d cul t ivars — accession of t h e N a t . Clonal Germplasm Re-
pository, Cornvall is — all species tested were d is t inguishable (5). 
— Prunus sp. Among t h e impor tan t t e m p e r a t e zone f r u i t s of the genus 
Prunus, peach ( P r . persica L Ba t sch) is p e r h a p s t h e best charac ter ized species 
in terms of genet ics . Never the less , in a s t u d y of mala te-dehydrogenase iso-
enzymes of 290 peach cu l t ivars , addit ional i n fo rma t ion cou ld be obtained on 
t h e genetic b e h a v i o u r bo th of M d h isozyme p h e n o t y p e s a n d on haploide (23). 
Similarly, two enzyme sys t ems (Gpi, Pgm) h a v e been successful ly applied in 
t h e ident i f ica t ion of plum X p e a c h hybrids (3). 
— Othe r f r u i t species (cherry , p lum, a lmond , w a l n u t ) are re la t ively 
diff icul t to ana lyse b y this m e t h o d , since phenol ic compounds present in t h e m 
cause several diff icul t ies . Nonethe less in a r ecen t s tudy Aru l seka r and P a r f i t t 
(26) report on modi f ied e x t r a c t i o n methods a n d t h e successful character iza t ion 
of these species b y 13 e n z y m e systems. The s a m e enzyme-sys tems were also 
efficient in t h e s t u d y of Vitis sp . I t should, however , be m e n t i o n e d tha t g r a p e 
species were ef fec t ive ly iden t i f i ed by Wolfe (33) as early as 1976). 
IV. Ornamental p l an t s 
I t cannot be the pu rpose of this review to survery t h e vast d ivers i ty 
of ornamenta l p l a n t s in view of isozyme appl ica t ion , the re fore , in the following 
only a few examples are g iven indicat ing t h e appl icabi l i ty of electrophoret ic 
genetic evidence in their charac te r iza t ion : Petunia sp. (8), Rose sp. (17), 
Poinsettia sp. (16), Liriodendron sp. (30), Phlox sp. (19), t u r fg ra s s (35), e t c . 
Conclusions 
Elec t rophore t ic genetic evidence as a too l for ho r t i cu l tu ra l crop research , 
offers several immed ia t e a d v a n t a g e s . Thus , in breeding i t c a n be applied in 
— the iden t i f i ca t ion of n a t u r a l and pa ra sexua l hybrids , 
— the s t u d y of pollen gene expression a n d selection, 
— the s t u d y of int rogressions f rom wild species, 
— the b reed ing of cross-poll inated crops, 
— plant disease resis tance research, etc . 
Fu r the r appl icat ions seem to be re levan t also in 
— the charac ter iza t ion of t h e genetic ma te r i a l s in g e r m p l a s m repositories, 
nursery collections, 
— moni tor ing t h e genetic var iab i l i ty of b o t h na tu ra l a n d cul t iva ted p o p u -
lations (also their compar i son) . 
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— t h e e s t i m a t i o n o f f e r t i l i t y i n t h e c o u r s e of t h e b r e e d i n g p r o c e s s , p r o v i d i n g 
a l s o i n f o r m a t i o n o n t h e m a t i n g s y s t e m o f s p e c i e s , 
— t h e e s t i m a t i o n o f F j - s e e d p u r i t y , 
— p r o v i d i n g a d d i t i o n a l i n f o r m a t i o n t o a n s w e r b y o s y s t e m a t i c q u e s t i o n s 
— t h e c h a r a c t e r i z a t i o n of v a r i e t i e s ( c u l t i v a r s ) , t h e e s t a b l i s h m e n t o f v a r i e t a l 
d i s t i n c t n e s s — a l s o i n v i e w o f t h e p r o t e c t i o n o f b r e e d e r s ' r i g h t s , 
— t h e e s t i m a t i o n o f s o m a c l o n a l v a r i a t i o n i n t i s s u e c u l t u r e s , e t c . 
W i t h o u t o v e r e s t i m a t i n g t h e p r e s e n t a n d p o s s i b l e p e r s p e c t i v e r o l e o f 
e l e c t r o p h o r e t i c g e n e t i c e v i d e n c e i n h o r t i c u l t u r e , i t c a n b e s t a t e d t h a t i t p r o v i d e s 
a r e l a t i v e l y s t a b l e a n d c o m p a r a t i v e l y l e s s e x p e n s i v e r o u t i n e m e t h o d f o r e s t a b -
l i s h i n g t h e g e n e t i c n a t u r e of s p e c i e s , a n d c u l t i v a r s . C o n s e q u e n t l y , i t i s a 
m e t h o d w o r t h e m p l o y i n g m o r e f r e q u e n t l y . 
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USE OF MICRO-IRRIGATION ON GREENHOUSE 
CROPS 
D . CAVAZZA* 
(Received 27 June 1986; accepted 19 August 1986) 
Greenhouse cultivation enables us to obta in early and very valuable produce, 
but it is necessary for the producer to supply all t he water needed by the crops. 
At the beginning, the most widespread system was the furrow irrigation, which 
was later superseded by sprinkler irrigation. However, drip irrigation is at present consid-
ered preferable, being suitable for both flower and food production. 
Among the various types of drip irrigation, the linear distribution systems have 
been particularly well developed. They are suitable for the crops planted in rows and 
can be arranged in such a way as to be easily assembled and disassembled at any change 
of crop, even three or four t imes a year. 
As far as flower cultivation is concerned, sprinkler and spray irrigation systems 
are still the most generally used; sometimes pot-localized irrigation is also practised. 
Sub-irrigation systems have now started t o be employed in horticultural areas 
with sandy soils. 
The pecul iar charac ter of greenhouse cu l t iva t ion is su i tab le for the p u r -
pose of forcing t h e vegeta t ive cycle to o b t a i n ear ly , very va luab le p roduce , 
wh ich then can be sold at a h igher price t h a n t h a t f rom field p roduc t ion . 
Another speci f ic character of the greenhouse cul t ivat ion is t h e fac t t h a t 
n a t u r a l rains a re p reven ted b y t h e roof f r o m reaching the soil and the re fo re 
all w a t e r r e q u i r e m e n t s of the p l a n t s must be ar t i f ic ia l ly suppl ied . 
The greenhouse cul t ivat ion can he d iv ided into two m a i n classes: pe r -
m a n e n t crops a n d t e m p o r a r y c rops . The p e r m a n e n t crops are general ly t rop ica l 
f lower plants t h a t in our cl imate m u s t a lways l ive in a p ro tec ted e n v i r o n m e n t 
(i.e.: orchids). 
The t e m p o r a r y crops (hor t icul tura l or f lor icul tural ) are forced c rops 
t h a t complete t h e i r vege ta t ive cycle in a f ew mon ths , so t h a t three or f o u r 
crops per year a re e f fec ted on t h e same g round , t h u s causing par t icu la r p r o b -
lems wi th the assembl ing and disassembling of t h e irr igation sys tem. 
Unti l a f e w yea r s ago t h e mos t c o m m o n irrigation s y s t e m was t h e 
spr inkler . In t h e l a s t ten years , however , t h e localized i r r iga t ion sys tem h a s 
come to be emp loyed in several d i f ferent ways , sometimes in association w i t h 
t h e sprinkling s y s t e m which in t h i s case has t h e prevail ing cha rac te r of c l ima te 
condi t ioning in o rde r to cool a n d humid i ty t h e air . 
* Member of I t a l - ICID, Rome, I ta ly . 
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I t is v e r y di f f icul t t o make a c lear dist inction between spr ink l ing and 
micro- je t localized i r r igat ion, because t h e difference is represented b y the 
dimension of t h e sprinklers t h a t are a lways r a the r small in greenhouses anyhow. 
Dur ing recen t years a deve lopment of unde rg round irrigation in green-
houses or o rcha rds has been noticed b u t t h e en thus iasm has declined on account 
of the fai lures t h a t occurred in some a reas of Sou thern I t a ly and t h e I ta l ian 
islands. 
P r o b a b l y the de te rmin ing fac tor in these fai lures is represented b y the 
physical charac ter is t ics of the soil. 
Only in s a n d y soils does the h igh permeabi l i ty allow the a d o p t i o n of 
cont inuous wa te r ing sys tems with a capi l lary hose; while in soils w i t h clayey 
components , it is necessary to supply la rger supplies of water in a m o r e dis-
cont inuous w a y . 
At p re sen t , t h e sub-irr igat ion is m a i n l y a hope. 
Sprinkler i r r igat ion, t ak ing into accoun t the t y p e s of sprinklers, can be 
generally classified as follows: 
Sprinkler 
S ta t i c 
R o t a t i n g 
mist spray 
head Ímis 
hea 
ver t ica l -spr inklcrs 
minisprinkler 
ful l circle 
b y sector 
f ree (spinners) 
control led ( in t e rmi t t en t ) 
The fol lowing basic differences exis t be tween s t a t i c and r o t a t i n g sprin-
klers : 
Static sprinklers 
Stat ic spr inklers arc simple, s t r ong and cheap. T h e y can cover a very 
l imited a rea wi th a high hour ly rain i n t ens i t y . Some types are used for foot 
i r r igat ion of crops (such as carnat ions) which suffer if watered on t h e leaves. 
Rotating sprinklers 
Some of these consist of small rea l r o t a t i ng spr inklers opera t ing upside-
down (Rain Bird 20, N a a n 213/98) or ver t ica l ly ( K o m b i 234 full circle, Kombi 
233 pa r t circle). Minisprinklers are also much used : t h e y consist of small 
r o t a t i ng spr inklers which can cover a la rge area wi th a low rain i n t e n s i t y ; so 
t h a t a greenhouse needs a l imited n u m b e r of spr inklers and each spr inkler 
requires l i t t le opera t ion . 
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Fig. 1. Irrigation based on the static spray head is much in use for both hort iculture and 
floriculture. In Sicily this system is often added to a linear one; the latter with the purpose 
of localized irrigation, and the former with the purpose of air moistening 
General ly t h e y h a v e a range r a d i u s of 6 - 8 in a n d they can b y used on 
crops t h a t require leaf wet t ing. 
Lccalized irrigation 
A t present , local ized irrigation is widely a d o p t e d for its ve rsa t i l i ty . 
I t can be d iv ided into the fo l lowing three m a i n groups. 
— l inear 
— localized by p o t 
— subirr igat ion. 
L inea r systems a re represented b y a water ing p ipe provided w i th holes 
which supplies a smal l wa te r f low, so t h a t in th is w a y it is possible t o water 
a long (up to 50 m) a n d narrow (0.3—0.5 m) area. 
Several devices h a v e been appl ied to improve t h e irrigation un i fo rmi ty 
in r egard to length. 
F r o m the s imples t t y p e (a l a rge diameter p ipe with m a n y l i t t le holes) 
this s y s t e m ranges t o severa l k i n d s of double p ipe (Biwall, Twinwall , ) to 
special pipes which h a v e , on the i r welding d i f f e r en t emit ters ( labyr in th ic , 
capi l la ry , etc.). 
I n I t a ly , bes ides t h e nat ional p roduc t ion k inds (Rimoldi, Geco, IR -Drop , 
etc.) a lmos t ten i m p o r t e d kinds are available b u t , as only a few presen t ade-
qua te character is t ics , a r e no more reques ted . 
L inea r systems a re general ly used in o rchard crops with a shor t cycle 
so t h a t a great ease of assembl ing a n d disassembling is str ictly r equ i red . 
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Fig. 2. This is the system of linear localized irrigation (twin-wall) in use for horticulture, 
which has superseded the former furrow irrigation with a saving of labor and water 
Pot localized system 
Systems of localized i r r iga t ion with capi l la ry emit ters a re used for po t 
f lower cu l t iva t ion . The f i rs t s y s t e m of this k ind was the D a n i s h Yollmatic, 
still widely used in Liguria. 
A r e m a r k a b l e i m p r o v e m e n t in the appl ica t ion un i fo rmi ty is obta ined 
b y using mul t i -ex i t emit ters t o which are appl ied adequa te capi l lary pipes 
(spaghet t i ) . 
Fig. 3. The system of localized irrigation is used for pot cultivation of flowers; and is similar 
to the Volmatic system, though built f rom scratch by the farmer, employing microtubes 
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Fig. 4. The capillar sub-irrigation system (Viaflo) for hotriculture has performed very well 
on sandy sails 
The problems 
In the specif ic case of greenhouse localized i r r igat ion, some diff icul t ies 
h a v e arisen, a n d we would l ike to ment ion t h e m here in h o p e of beginning a 
f ru i t f u l exchange of in fo rma t ion . Fi l t rat ion prob lems are no longer r emarkab le 
news. On t h e cont ra ry , t w o difficulties seem par t icular ly impor t an t : f i r s t , 
t he r e are t h e obst ruct ions resul t ing f rom calcareous (and iron-salt) w a t e r s . 
T h e method of e f fec tua t ing periodical wash ings with hydrochlor ic acid a t 5 % 
has not p roduced very good resul ts . In S o u t h e r n I ta ly n i t r i c acid at 1 % , h a s 
Fig. 5. Detail of two electro valves for the automatic controls of a plot irrigated by sprinklers 
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also been used , b u t this is d angerous and cost ly . Citric ac id was also used wi th 
poor resul ts . T h e question ar ises whea the r i t is convenient t o ef fec tua te w a t e r 
t r e a t m e n t a t source. 
The second problem concerns fer t i l iz ing, which in some cases can con-
t r i b u t e t o t h e fo rmat ion of precipi ta tes . 
The general problem is, a f t e r all, t h e s t u d y of a h ighly au tomat ized s y s t e m 
in order to reduce work, t o realize a m o r e ra t ional w a t e r exploi ta t ion and 
t o improve h u m i d i t y sensorials . In this r e spec t , we deem t h a t the most e f f ic ien t 
is t h e t ens ios t a t , which ope ra t e s well only on sandy soils; while in the presence 
of clayey soils i t presents s o m e dif f icul t ies . 
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A summary of the na ture of genetic variation and its estimation is presented. 
Estimation of genetic parameters using diallel approach and combining ability is 
described. Relationship between variance due to combining ability and components 
of genetic variances from diallel analysis is also presented. 
Keywords: genotypic variat ion, and its estimation of genetic parameters, di-
allel analysis 
Nature of genotypic variation 
A detailed knowledge a b o u t t h e magn i tude a n d na ture of genetic var ia-
t ion in a specific popula t ion is of p r ime impor tance for the e f fec t ive predic t ion 
of genet ic i m p r o v e m e n t and for choosing the m o s t efficient select ion scheme 
in a breeding p r o g r a m m e . The inher i t ance s t u d y of quan t i t a t i ve characters in 
p l an t s began wi th t h e works of J o h a n n s e n (1909), Nilsson-Ehle (1909) and 
E a s t (1916). The theoret ical basis of quan t i t a t i ve genetics was la id down b y 
Fischer (1918), W r i g h t (1921) a n d Haldane (1932). Fisher (1918) divided the 
geno typ ic var iance in to three logical componen t s : (a) due to add i t i ve effects 
of genes (addit ive genetic var iance) , (b) due to dominance dev ia t ion f rom t h e 
add i t i ve scheme, ar is ing f rom t h e intra-allelic in te rac t ion of genes (dominance 
var iance) and (c) due to non-allelic in teract ion of genes (epis ta t ic var iance) . 
F i sher et al. (1932) p romoted a n exper imenta l approach for e s t ima t ing and 
sepa ra t ing addi t ive and dominance variances us ing second a n d th i rd degree 
s ta t i s t ics . Wright (1935) def ined a n d gave de ta i led t r e a t m e n t t o th i s division 
of genotypic va r i ance . Epis ta t ic va r i ance was f u r t h e r par t i t ioned in to factor ia l 
c o m p o n e n t s of t h e digenic and h igher order of in terac t ions , such as addit ive X 
X add i t ive , addi t ive X dominance, dominance X dominance for t w o loci s i tua t ion, 
a n d addi t ive X add i t i ve X a d d i t i v e , e tc . for th ree or more loci, b y Cockerham 
(1954) and K e m p t h o r n e (1955). 
* Present address: Biologische Bundesanstalt für Land- und Forstwirtschaft , Inst i tut 
f ü r Resistenzgenetik, D-8059 Grünbach, BDR. 
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Extens ive s t u d y in b iometr ica l genetics s t a r t e d soon a f te r t h e work of 
L u s h (1940, 1943, 1945), Sprague a n d T a t u m (1942), Comstock a n d Robinson 
(1948) and Mather (1949). The fol lowing three p a r a m e t e r s were described by 
Dickerson (1963), G a r d n e r (1963), D u d l e y and Moll (1969) and M a t h e r and 
J u n k s (1971) in respect of genetic va r i ance : 
(a) Additive genetic variance w i t h results f r o m the addi t ive effects of 
t h e genes at all segregat ing loci. F o r a single locus, i t is de te rmined by the 
gene f r equency and b y t h e average e f fec t of subs t i t u t i ng one allele for t h e other 
(add i t ive effects). T h e difference b e t w e e n two homozygotes is t h e addi t ive 
genet ic effect . Addi t ive genetic va r i ance is a f ixable var iance . 
(b) Dominance variance which resul ts f r o m intraallelic in te rac t ion of 
genes a t segregating loci. This is an un f ixab le c o m p o n e n t of genetic var ia t ion . 
(c) Epistatic variance which resu l t s f rom t h e inter-allelic in te rac t ion of 
genes a t two or more segregat ing loci. I t was pa r t i t i oned into add i t ive X addi-
t ive , addi t ive X dominance and d o m i n a n c e X dominance componen t for two 
segregat ing loci, and in to addi t ive X add i t ive X add i t ive , etc. for t h r e e or more 
loci. A m o n g the ep is ta t ic var iances , on ly the in te rac t ions arising f r o m addit ive 
e f fec t s i.e. addi t ive X addi t ive , add i t i ve X addi t ive X addi t ive , e tc . a re f ixable 
a n d can be utilized for i n t r apopu l a t i on i m p r o v e m e n t p rogrammes . O t h e r types 
of epis ta t ic var iances e.g. addi t ive X dominance , dominance X dominance , etc. 
are non-f ixable and can be exploi ted in hybr id p r o g r a m m e s only. 
Gardner (1963) included th ree more p a r a m e t e r s : 
(a) Average degree of dominance or rat io of dominance var iance to addi-
t ive genetic var iance (dominance ra t io ) which describes the relat ive impor tance 
of add i t ive and non-add i t ive genetic var iances . 
(b) Genotype X environment interaction which m a y again be d iv ided into 
add i t i ve gene effects X env i ronmen t a n d non-add i t ive gene effects X environ-
m e n t . 
(c) Genotypic correlations a m o n g var ious q u a n t i t a t i v e charac te r s of im-
p o r t a n c e to the pa r t i cu la r crop. 
All these genetic pa rame te r s h a v e been e s t ima t ed following various 
procedures . These are out l ined in t h e following sec t ion . 
Methods for es t imat ing the genet ic parameters fo r metr ic charac te r s 
A n u m b e r of p rocedures h a v e been developed for the e s t ima t ion of 
genet ic pa ramete r s which differ in bas ic genetic a s sumpt ions and t h e na ture 
of ma te r i a l used. The c o m m o n assumpt ions imposed for these m e t h o d s are: 
(a) n o r m a l diploid segregation, 
(b) no differences be tween reciprocal crosses, 
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(c) n o mult iple allelism, 
(d) l inkage equi l ibr ium, 
(e) r a n d o m selection of plants a n d 
(f) n o epistasis. 
The las t assumpt ion , i .e. no epistasis, was imposed to s impl i fy the methodology 
in t h e es t imat ion of gene t ic components (Comstock a n d Robinson, 1948; J inks 
and H a y m a n , 1953; H a y m a n , 1954b; Allard, 1956a).The non-allel ic inter-
action componen t can , however , be de t ec t ed by a p r o p e r scaling t e s t (Mather , 
1949) or b y using more ref ined t echn iques utilizing f i r s t or second degree sta-
tistics ( H a y m a n and M a t h e r , 1955; Anderson and K e m p t h o r n e , 1954; Hay-
man, 1957, 1958b; J u n k s and Jones , 1958; Coughtrey a n d Mather, 1970). 
T w o types of gene t ic pa r ame te r s have main ly been used t o s t u d y the 
genetic a rch i tec ture . These are: 
(a) Means which are par t i t ioned to provide the e s t ima te s of genet ic effects 
t h r o u g h the f i r s t degree s ta t i s t ics . 
(b) Var i ance and covar iance which are par t i t ioned to provide t h e es t imates 
of genetic va r iances th rough t h e second degree stat ist ics. 
T h e second o rder stat ist ical measures being func t ions of squa re s are 
always posi t ive and the re fo re , more use fu l than f i r s t degree s tat is t ics (Cocker-
ham, 1961; Mather a n d J u n k s , 1971). 
T h e following m e t h o d s have been used for t h e es t imat ion of genetic 
p a r a m e t e r s : 
(1) Studies of gene action: 
(a) S tud ies on gene ef fec ts based u p o n means of segregat ing genera t ions as 
fol lowed by Ande r son and K e m p t h o r n e (1954), H a y m a n a n d Mather 
(1955), H a y m a n (1958b), H o r n e r et al. (1961), Gamble (1962) and 
Sp rague et al. (1962). 
(b) S tud ies on c o m p o n e n t s of gene t ic var iance: 
(i) Segregating genera t ions : E s t i m a t e s based u p o n segregat ing genera-
t ions f rom crosses of two p u r e lines (Mather , 1949). 
(ii) Diallel analysis . 
(1) Numer ica l ana lys is : 
a . F o r homozygous parents ( J i nks and H a y m a n , 1953; J inks , 1954, 1956; 
H a y m a n , 1954a, 1954b, 1958a). 
b . F o r he terozygous parents (Dickinson and J i n k s 1956). 
(2) Graphica l a p p r o a c h (Wr, Vr a n d W r , W ' g r aphs ) : 
a . F o r homozygous parents a n d J i n k s H a y m a n , 1953; H a y m a n , 1954b; 
J i n k s , 1954; Al la rd , 1956a, 1956b). 
b . F o r he terozygous paren t s (Dickinson and J i n k s , 1956). 
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(iii) Covariances between re la t ives : Covar iances between half-sibs a n d 
full-sibs in relat ion to add i t i ve , dominance and other gene t ic var iances 
(Comstock and Robinson, 1948, 1952). 
(c) Triallel and quadrial lel ana lyses (Rowlings a n d Cockerham, 1962a, 1962b). 
(d) Powers ' p a r t i t i o n method (Powers, 1951, 1955, 1963). 
(2) Studies on combining ability : 
(a) Diallel ana lys i s : 
(i) For homozygous p a r e n t s (Sprague a n d T a t u m , 1942; Rojas a n d 
Sprague, 1952; Hender son , 1952; Gr i f f ing , 1956a, 1956b). 
(ii) For he te rozygous p a r e n t s (Matzinger a n d K e m p t h o r n e , 1956; Mat -
zinger e t al . 1959; L o n n q u i s t and G a r d n e r , 1961; G a r d n e r and Ehe r -
har t , 1966). 
(iii) Covar iance between re l a t ives : Covariance between hal f -s ibs and full-
sibs in re la t ion to genera l and specific combining ab i l i ty var iances 
( K e m p t h o r n e , 1957). 
(b) Part ia l diallel approach ( K e m p t h o r n e a n d Curnow, 1961; F y f e and Gil-
bert , 1963). 
(c) L i n e X t e s t e r analysis ( K e m p t h o r n e , 1957). 
(d) Top cross t e s t (Davis, 1927; Jenk ins and B r u n s o n , 1932). 
(e) Polycross t e s t (Tysdal et al . , 1942). 
( f ) Open-pol l inated progeny t e s t (Allard, 1960). 
Among t h e a b o v e men t ioned methods, t hose t h a t have been used most 
o f t e n are the diallel crosses a n d in the following sections t h e y are described 
in some detail. 
Es t ima t ion of genetic parameters us ing diallel approael i 
The diallel crossing sys tem was first i n t r o d u c e d by S c h m i d t (1919), in 
wh ich each of a g r o u p of males was crossed w i t h each of a g r o u p of females. 
H a y m a n (1954b) def ined diallel cross as " t h e set of all possible mat ings be-
t w e e n several g e n o t y p e s " . The diallel cross was f i r s t analysed b y a stat ist ical 
t e chn ique by S p r a g u e and T a t u m (1942). Gr i f f ing (1956b) e labora ted t h e 
m e t h o d of e s t ima t ion of general combining ab i l i t y (g.c.a.) a n d specific com-
b in ing ability (s.c.a.) using four m e t h o d s and t w o models of calculat ions . 
Hull (1946) a n d J inks a n d H a y m a n (1953) developed t h e methods for 
analys is of genet ic components of variance f r o m diallel crosses. The method-
ology of J inks a n d H a y m a n (1953) which ut i l ized Mather ' s (1949) components 
of var ia t ion D a n d H, has been f u r t h e r e labora ted b y H a y m a n (1954a, 1954b, 
1957, 1958a, 1960) J i nks (1954, 1955, 1956), a n d Allard (1956a, 1956b). 
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The hasic assumpt ions on which diallel theory is b a s e d (Jinks and H a y -
m a n , 1953; H a y m a n , 1954b; J i n k s , 1954; Al la rd , 1956a) a r e : 
(a) Diploid segregation. 
(b) No differences be tween reciprocal crosses. 
(c) I n d e p e n d e n t action of non-allelic genes . 
(d) No mul t ip le allelism 
(e) Homozygous parents . 
(f) Genes independen t ly d i s t r ibu ted b e t w e e n the p a r e n t s . 
The basic assumpt ions a re to be fu l f i l l ed before e s t ima t ing t h e p a r a -
meters ( H a y m a n , 1954b). T h e fu l f i lment of these a s sumpt ions can be dec ided 
t h r o u g h var ious tes ts (Mather and J inks , 1971). 
Various au thors have discussed t h e e f fec t of a fa i lu re of these a s s u m p -
t ions ( J inks and H a y m a n , 1953; H a y m a n , 1954b; J inks , 1954; Allard, 1956a; 
Dickinson and J inks , 1956). K e m p t h o r n e (1956) gave a general a p p r o a c h to 
t h e genetical t h e o r y and analys is of a diallel table where t h e assumpt ions of 
two alleles a t each locus and no epistasis were removed. Dickinson and J i n k s 
(1956) ex t ended the diallel analys is to he terozygous pa ren t s . The diallel ana lys i s 
was ex tended t o cover au to te t rap lo ids b y Dessureaux (1959). The ana lys i s 
proposed b y H a y m a n (1954a) was modi f i ed b y Jones (1965) thus e n a b l i n g 
i t s appl icat ion when reciprocal crosses a re not p roduced . Dur ran t (1965) 
ex tended t h e analysis of H a y m a n (1954b) a n d J inks (1954) to de te rmine t h e 
reciprocal differences. Nassa r (1965) inves t iga ted the m a g n i t u d e of e f f e c t of 
gene correla t ion arising f r o m t h e r a n d o m sampling of p a r e n t a l g e n o t y p e s . 
Formulae to es t imate the gene f requencies and dominance rat io for r a n d o m 
m a t i n g popu la t ion were p rov ided by Oakes (1967). 
There are two approaches in the diallel analysis f o r t h e s tudy of gene 
ef fec ts : (a) graphical and (b) numerical fo r t h e es t imat ion of genetic p a r a m -
eters . 
(a) Graphical analysis 
J inks a n d H a y m a n (1953) developed t h e graphical approach for diallel 
analysis for homozygous p a r e n t s based on Mather 's (1949) componen t s of 
var ia t ion , us ing second degree stat is t ics; i .e. Vr (var iance of all of fspr ings of 
each pa ren t ) , Wr (the covar iance of of fspr ings in each pa ren t a l a r r a y w i th 
nonrecur r ing paren ts ) and Vp (variance of pa ren ta l va lues) . They p o i n t e d ou t 
t h e impor t ance of a slope of regression l ine (Wr on Vrd and its pos i t ion in 
re la t ion to t h e l imit ing pa rabo le (Wr2 = Vr • Vp). The regression of Wr on Vr 
provide a graphica l r epresen ta t ion of t h e degree of d o m i n a n c e and also per-
mi t s the sepa ra t ion of t rue dominance f r o m t h e spurious " d o m i n a n c e " caused 
b y m a n y t y p e s of non-allelic in terac t ions . The ar ray p o i n t s are ins ide t h e 
l imit ing pa rabo la . The slope of regression l ine is i n d e p e n d e n t of the degree of 
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dominance, b u t i ts position would shift f r o m the point of origin d e p e n d i n g 
upon the level of dominance . I t intersects t h e Wr axis a t the origin w i t h 
complete dominance , on t h e posi t ive side w i t h partial dominance and on t h e 
negat ive side w i t h overdominance . The d is t r ibu t ion of a r r a y points in t h e 
( Vr, Wr) g r a p h also suggests t h e order of dominance of t h e parents . The a r r a y 
points with low IFr and Vr va lues (i.e. close t o the origin) have a m a x i m u m 
n u m b e r of d o m i n a n t alleles. T h e y also discussed the poss ibi l i ty of p red ic t ion 
of the value of completely d o m i n a n t and m o s t recessive p a r e n t s , in case t h e r e 
is s t rong corre la t ion between t h e parental o r d e r of dominance (Wr -(- Vr) a n d 
t h e parenta l measu remen t (yr). 
The e f fec t of failure of assumpt ions as envisaged b y J i n k s and H a y m a n 
(1953); J inks (1954) and H a y m a n (1954b) showed tha t t h e average degree of 
dominance m a y be increased or decreased b y t h e lack of independen t genes in 
t h e parents . A serious overes t imat ion of t h e degree of dominance will occu r 
in the case w h e r e the dominance of all loci is in the di rect ion of the f a v o u r a b l e 
(plus) alleles a n d where t h e correlat ion b e t w e e n gene f requenc ies at d i f f e ren t 
loci is due p r imar i l y to dispers ion ( H a y m a n , 1954b; C o u g h t r e y and M a t h e r , 
1970). Baker (1978) crit ically reviewed t h e l i t e ra tu re on t h e effects of fa i l ing 
to fulf i l va r ious assumpt ions and concluded t h a t some of the assumpt ions 
migh t be v io l a t ed with i m p u n i t y ; while o t h e r s , such as n o epistasis and n o n -
correlated d i s t r ibu t ion of genes among the p a r e n t s , need c a r e f u l analysis. 
J inks (1954) and H a y m a n (1954b) e l a b o r a t e d the e f f ec t s of genetic i n t e r -
act ion on t h e slope of regression line (Wr, Vr) and sugges ted omi t t ing t h e 
in teract ing a r r a y s before f u r t h e r analysis. T h e y also s t u d i e d the effects of 
l inkage and d i f fe ren t types of epistasis oil (Vr, Wr) g r a p h . Allard (1956a, 
1956b) applied t h e s tat is t ics W (covariance between a r r a y means and t h e 
offspring in e a c h array), in ( Wr, W) g raph . H e suggested t h e use of b o t h (Vr, 
Wr) and (Wr, W ) graphs in order to o b t a i n a bet ter unde r s t and ing of t h e 
n a t u r e of gene ac t ion . In t h e (Wr, W) g raph t h e degree of dominance in f luence 
t h e scatter of a r r a y points a n d has no ef fec t on slope or t h e position of t h e 
l ine. All the p a r e n t s involved in the s t u d y occupy a s ingle position w h e n 
dominance is a b s e n t . With t h e increase of dominance , t h e sp r ead of the p o i n t s 
a long the line is increased, w h e n the most recessive pa ren t occupies the posi-
t ion in the f i r s t q u a d r a n t f a r t h e s t removed f r o m the origin. A c o m p l e m e n t a r y 
t y p e of in te rac t ion causes some points to fall be low the line of uni t slope on t h e 
(Vr, Wr) g r aph and has t h e opposi te effect on the (Wr, B 7 ' ) graph. J o h n s o n 
a n d Aksel (1959) presented a me thod for s t anda rd ized dev i a t i on graph d r a w n 
wi th the value fo r parenta l p a r a m e t e r s (yr) a n d order of d o m i n a n c e (Wr -(- Vr) 
so as to de t e rmine whether dominance was due to posi t ive or negative gene 
effects . 
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(b) Numerical approach 
Link and H a y m a n (1953) p roposed the numer i ca l approach t o es t imate 
genetic pa rame te r s based on M a t h e r ' s (1949) n o t a t i o n . They de f ined four 
componen t s , viz. D, J R , H2 and F, assuming a d d i t i v i t y and d o m i n a n c e bu t 
no epistasis . The c o m p o n e n t D measu re s addi t ive var iance while H1 and H2 
measure dominance va r i ance . The componen t H1 h a s t h e same coeff ic ient as 
D so t h a t t h e square roo t of the r a t io H^D measures t h e degree of dominance . 
F ind ica tes whe ther d o m i n a n t or recessive alleles are more f r e q u e n t in the 
pa ren t s , being posi t ive if d o m i n a n t alleles are in excess. The r a t i o H2I4:H1 
indica tes t h e s y m m e t r y of positive a n d negat ive allele exhibi t ing dominance . 
H a y m a n (1954b) p resen ted in detai l t h e theory a n d algebraic basis of analysis 
and a d d e d two more stat is t ics , h2 a n d Fr to those suggested b y J i n k s and 
H a y m a n (1953). The dominance e f fec t (as the a lgebra ic sum ove r all loci in 
he te rozygous phase in all crosses) was presented b y h2, and covar iance of 
add i t ive and dominance effects in a single a r ray was presented b y Fr J inks 
(1956) ex tended the appl icabi l i ty of diallel analysis t o F2 and backc ross gener-
at ions der ived f r o m a set of Fx diallel crosses. The coefficient of ' h ' is half in 
F2 genera t ion as concluded by J i n k s (1956), o the r s tat is t ics be ing t h e same 
as t h a t fo r diallel analysis. Dial lel analysis us ing F2 genera t ion was also 
provided b y H a y m a n (1958a) where he described t h e es t imat ions of D, H l t 
H 2 a n d F . H a y m a n (1957) a f te r de ta i led s tudy concluded t h a t t h e degree 
of dominance , (Hj /D) 1 ' 2 es t imat ion is not seriously d is turbed f o r mult iple 
allelism and gene correlat ions in t h e pa ren t s . The methodo logy of J i n k s (1954) 
and H a y m a n (1954b) was ex tended b y H a y m a n ( I960) for f i xed or specified 
lines, which represen ted samples of a specific popu l a t i on and also correlated 
his va r ious genetic pa rame te r s w i th Griff ing 's (1956a, 1956b, 1958) combin-
ing abi l i ty analysis. 
J i n k s and S tevens (1959) p r e sen t ed the jo in t analysis of p a r e n t s , ^ , F2 
and backcross genera t ions of a diallel set of crosses as an a l t e rna t ive approach 
to t h e problem of e s t ima t ing the components of va r ia t ion to t h a t followed 
by J i n k s (1956). T h e y es t imated t h e components D, H l 5 H2, I , J , L± and L2. 
Diallel analysis was extended fo r heterozygous pa ren t s b y Dickinson and 
J i n k s (1956) where t h e y es t ima ted t h e pa rame te r s D\, Du, H\, Я ц , Н щ , 
Hív , F и F i i a n d 3. I n the presence of he terozygosi ty in t h e p a r e n t s , t he 
a p p r o a c h of J inks a n d H a y m a n (1953) is based in t h e es t imat ion of D, H 4 
and H 2 . As a resul t , t h e degree of dominance wou ld be u n d e r e s t i m a t e d , the 
p ropor t ion of d o m i n a n t s would be overes t imated while the a s y m m e t r y of gene 
d i s t r ibu t ion would also be exagge ra t ed . When D is es t imated f r o m homo-
zygous pa ren t s , it con ta ins a smal l cont r ibut ion of ' h ' (devia t ion of hetero-
zygote f r o m the m e a n of homozygote) , and in t h e heterozygous scheme it is 
r epresen ted by J / n , Нщ, Fi and Fu. F o u r pa rame te r s , H j , Нц, Fini and H\y, 
11* Acta Agronomica Hung. 37, 1988 
344 S. С. DEB.NATH 
are re la ted and d e p e n d e n t on the f r e q u e n c y of homozygo tes and heterozygotes . 
These pa ramete r s are reduced to those of Ma the r (1949) n a m e l y , D, H and 
F u n d e r r a n d o m m a t i n g . The p a r a m e t e r s Нщ, H\v and F\i become zero 
and t h e model is r educed to t h a t of H a y m a n (1954b) and J i n k s (1954) with 
comple te ly homozygous parents . 
Combining ability 
(a) Concept of combining ability 
The t e rm combin ing ability was in t roduced b y Sprague and T a t u m (1942) 
where t h e y used genera l combining abi l i ty (g.c.a.) t o designate " t h e average 
pe r fo rmance of a line in hybrid combina t ions" a n d specific combin ing abili ty 
(s.c.a.) as " those crosses in which ce r ta in combina t ions do re la t ive ly bet ter or 
worse t h a n would be expected on t h e basis of t h e average p e r f o r m a n c e of t h e 
lines invo lved" . A m o n g animal b reeder s the t e r m " n i c k i n g " has been used in 
t h e same general sense. B y g.c.a., Henderson (1952) mean t " t h e average meri t 
wi th respect to some t r a i t or we igh ted combinat ion of t ra i ts of an indef ini te ly 
large n u m b e r of p r o g e n y of an ind iv idua l or line w h e n mated w i t h a r andom 
sample f r o m some specif ied popu la t ion under a speci f ied set of env i ronmen ta l 
c i rcumstances" . The specific combin ing ability was defined b y h im as " t h e 
devia t ion of the ave rage of an indef in i te ly large n u m b e r of p r o g e n y of two 
indiv iduals or lines f r o m the value wh ich would be expec ted on t h e basis of the 
k n o w n general combin ing abilities of those two lines or ind iv idua ls as t h e 
m a t e r n a l abil i ty of t h e female p a r e n t " . 
Gri f f ing (1956a, 1956b, 1958) presented t h e stat is t ical concep t of t h e 
general and specific combining ab i l i t y in bo th t h e homozygous and hetero-
zygous base pop ida t ions . Griff ing (1956b) out l ined t h e procedure for the esti-
ma t ion of general a n d specific combin ing abi l i ty ef fects and var iances f rom 
diallel crosses. Based on the mater ia l s included in t h e diallel cross exper iment , 
he considered the fol lowing four m e t h o d s : 
Method 1: P a r e n t s , one set of F x ' s and rec iprocal F j ' s are included (all 
p2 combina t ions where p is the n u m b e r of pa ren t s ) . 
Method 2: P a r e n t s and one set of F j ' s a re included (no reciprocals) 
1 /2p(p -(- 1) combinat ions 
Method 3: One set of F j ' s and reciprocals are inc luded bu t n o t t h e parents 
p(p •— 1) combinat ions 
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Method 4 : One set of F 3 s b u t nei ther p a r e n t s nor rec iprocal F j ' s is in-
c luded 
1/2j>(j> — 1) combina t ions 
For the l a s t two cases w h e r e parents a re n o t included, he used the t e r m 
" m o d i f i e d dial le ls" . He p rov ided two models for each of t h e four m e t h o d s : 
(a) Model I ( f ixed effect model ) where t h e parenta l ma te r i a l s are selected 
a n d the resul ts obta ined are applicable t o t h e material inves t iga ted . H e r e 
t h e main in te res t lies in t h e es t imat ion of combin ing abi l i ty effects . 
(b) Model I I ( random ef fec t model) where t h e parents a re r a n d o m samples 
f r o m the popu la t ion about which the inference are to he d r a w n . Here in te res t s 
l ike in the e s t ima t ion of t h e genetic and env i ronmen ta l componen t s of t h e 
popula t ion va r i ance . 
The analys is of var iance is ve ry similar in bo th models, b u t the p a r a m -
eters tested in t h e m are v e r y di f ferent . In m o s t cases, t he f i x e d effect m o d e l 
is used by t h e p l a n t breeders since they are generally in te res ted in the gene t ic 
in format ion a b o u t a par t i cu la r set of p a r e n t s . However, if t h e parents a re 
chosen by r a n d o m sampling of some large popu la t ion , there is no faul t if t h e y 
are analysed b y t h e f ixed ef fec t model. On t h e other hand , i t is ques t ionable 
t o utilize a r a n d o m effect model for the analys is of da ta r equ i r ing a f ixed e f f ec t 
model (Baker , 1978). 
A model for t h e analysis of diallel cross involving open-pol l ina ted v a r i -
eties and syn the t i c s in H a r d y - W e i n b e r g (1966) and E b e r h a r t and G a r d n e r 
(1966). They pa r t i t i oned the genotyp ic va r i ance into t h a t d u e to paren ts a n d 
t h a t due to heterosis . The f o r m e r was again spli t for homozygous and h e t e r o -
zygous loci and t h e la t ter was split into a v e r a g e heterosis, va r i e ty he teros is 
a n d specific heteros is . They considered t h r ee s i tuat ions , v iz . : 
(a) Analysis I : which i n d u c e d var ie ty selfed, var ie ty cross and v a r i e t y 
cross selfed. 
(b) Analysis I I : when on ly varieties a n d their crosses were inc luded . 
(c) Analysis I I I : when on ly varietal h y b r i d s were inc luded . 
Analysis I I and Analysis I I I are s imi lar t o tha t of Gri f f ing 's (1956b) 
m e t h o d s 1 and 2, respect ively. 
(b) Relationship between variance due to combining ability and components of 
genetic variances 
In a diallel exper iment , t h r e e are two t y p e s of re la t ives : half-sibs, w h i c h 
are individuals w i th one p a r e n t common; a n d full-sibs, wh ich are ind iv idua ls 
w i th both p a r e n t s common. 
The re la t ionships be tween covariance of relat ives and va r i ance of gene t ic 
components as given by Matz inger and K e m p t h o r n e (1956), K e m p t h o r n e 
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(1957) a n d K e m p t h o r n e a n d Curnow (1961) are as fo l lows : 
Cov. ( H . S.) = <Tg 1 +F 2 I OA + 
l + F 2 I 
О Д А + 
f l + F z 
О A A A " T • • ' 
Cov. (F . S.) = 2ffg + a \ = 
l + F 2 I 
О A + 
l + F 
' 2 , 
О D + 
l + F 
о A A + 
l + F 2 I 
° " A D + 
l + F 
O D D + 
where, 
Cov. ( H . S.) = cova r i ance of ha l f - s ibs , 
Cov. ( F . S.) = c o v a r i a n c e of fu l l - s ibs , 
2 
o-s = v a r i a n c e due to g . c . a . , 
2 Og = v a r i a n c e due to s .c .a . , 
2 OA = a d d i t i v e genetic v a r i a n c e , 
2 OD = d o m i n a n c e v a r i a n c e , 
2 
o a d = a d d i t i v e X d o m i n a n c e i n t e r ac t i on , 
2 
о AA = a d d i t i v e X add i t ive in t e rac t ion , 
2 
ODD = d o m i n a n c e X d o m i n a n c e in t e rac t ion , 
and F = i n b r e e d i n g coef f ic ien t . 
G r i f f i n g (1956a) obse rved the fo l lowing relat ionship: 
( F = 1): 
20G.c.a. = OA + l/2FFAA + 1/4(TAAA + • • • 
Os.c.a. = ^ D + 1/2<7aA+ 0 " A D + ° R DD + 3/4c7AAA + ^ A A D + ^ A D D + » D D D + • • 
2 n 2 : 2 2 2 2 2 2 2 2 
<+ ; = 2 < R 5 C A + OSCA = <7 A + 0 D + О Я А + <?AD + 0~ D D + ^ A A D + ^ A D D + 
I 2 , 
+ 0 D D D + . . . 
where, cr% = to t a l g e n o t y p i c var iance , 
O'OCA = var iance d u e to g.c.a., 
and O'SCA == var iance d u e to s.c.a. 
I t m a y b e no ted t h a t б + .
с
. а is also t h e covar iance be tween p a r e n t s and 
offspring in a r a n d o m m a t i n g p o p u l a t i o n a t equ i l ib r ium. Similar e s t i m a t e s 
were also o b t a i n e d b y Matz inger (1963) for combin ing abil i ty w h e n gene 
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f requencies a re equal. F r o m the above relat ionships, i t is apparent t h a t the 
g.c.a. va r i ance contains an addi t ive v a r i a n c e and a p a r t of epistatic c o m p o n -
ent involv ing addi t ive X add i t ive , add i t ive X addit ive X add i t ive , etc. Specif ic 
combin ing abi l i ty var iance on the o the r h a n d conta ins dominance v a r i a n c e 
and a m a j o r p a r t of the ep i s ta t i c c o m p o n e n t involving b o t h additive a n d non-
addi t ive components . 
In t h e absence of epis tas is , the a b o v e equations a r e reduced to : 
о 2 2 1 2 2 
z<7g = ад a n d crs = a D . 
The rela t ionship to Mathe r ' s (1949) components a s given by H a y m a n 
(1960) a re : 
4 a \ — D R a n d 4ffg = H R 
(in original r a n d o m m a t i n g popula t ion f r o m which inb red lines were de r ived) . 
When F = 0 ( the lines a re no t inbred) t h e n 
ffg = 1/4«Тд + 1/16о-дА + . . ., a n d 
a
2
s = ЩоЪ + 1/8<7дд + 1/8<тдо + 1/16a2DD + . . . 
B y ignoring t h e epistasis, a\ — 1/4<гд a n d at = 1/4OD 
Pooni e t al. (1984) compared the re la t ionship b e t w e e n the e s t i m a t e s of 
general (crg) and specific (at) combining abilities f r o m t h e four m e t h o d s of 
diallel analysis described b y Griff ing (1956b) and e s t i m a t e s of DR a n d H R , 
t h e add i t ive a n d dominance componen t s of variabi l i ty . T h e y observed b o t h 
theore t ica l ly and exper imenta l ly t ha t t h e genetic expec t a t i ons of a \ a n d at 
for m e t h o d 1 model I I are ident ical wi th t h e general de f in i t ions of 1 /4D R and 
1 /4H R for model I I only w h e n est imates f r o m diallels i n v o l v e d a large n u m b e r 
of pa ren t s . 
Comparison of the different diallel approaches 
H a y m a n (1960) c o m p a r e d the th ree approaches of dial lel cross e x p o u n d e d 
b y Grif f ing (1956b), J i n k s a n d H a y m a n (1953) and K e m p t h o r n e (1956). The 
methodology of J inks and H a y m a n (1953) followed t h e model I of Gr i f f i ng 
(1956b), while K e m p t h o r n e ' s (1956) m e t h o d lay in t h e domain of m o d e l I I . 
Griff ing (1956b), however , used both mode l s . The second difference w a s on 
the basis of t h e s tat is t ical and genetical models of gene ac t ion . Here Gr i f f ing 
(1956b) ut i l ized the fo rmer one, while J i n k s and H a y m a n (1953) deve loped 
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t h e me thodo logy to es t imate addi t ive and var ious kinds of dominance com-
ponen t s while Gri f f ing (1956b) and Kempt l i o rne (1956) e s t i m a t e d general a n d 
specific combin ing abilities. T h e analysis developed by G a r d n e r and E b e r h a r t 
(1966) was b a s e d on the f i x e d effect model (Baker , 1978). 
Conclusions 
It has b e e n argued by Arunacha l am (1976), H i n k e r l a m n n (1976), K e m p -
t l iorne (1976) a n d Mayo (1980) t h a t the genet ical ly i n f o r m a t i v e hut re la t ive ly 
assumptionless analysis of Gr i f f ing ' s (1956b) method is t o be preferred ove r 
t h a t of H a y m a n ' s (1954b) app roach . H o w e v e r , Gr i f f ing ' s (1956b) m e t h o d s 
1 and 3 prov ide a test for t h e assumpt ion of H a y m a n ' s (1954b) analysis, w i t h 
n o differences between rec iproca l crosses. However none of these m e t h o d s 
provide a t e s t for the a s s u m p t i o n s of non-allelic i n t e r ac t i on and l i nkage 
equi l ibr ium. T h e test of these assumpt ions is provided b y t h e method of H a y -
m a n (1954b) a n d J inks (1954). Mather and J i n k s (1971) concluded t h a t H a y -
m a n ' s (1954b) analysis is t h e mos t useful f o r determining t h e significance of 
principal gene t ic components . Baker (1978) suggested t h a t H a y m a n ' s (1954b) 
approach could be followed w h e n the p a r e n t s of the diallel cross have b e e n 
produced b y a r andom m a t i n g followed b y nonselective inbreeding. In cases 
where these requ i rements a r e not met , t h e analysis s h o u l d be l imited to 
combining ab i l i t y for e s t i m a t i n g g.c.a. a n d s.c.a. mean squares and e f fec t s . 
F o r the deve lopmen t of s y n t h e t i c cul t ivars , he proposed t h a t topcross or 
polycross p r o g e n y analysis wou ld be b e t t e r t h a n t ha t of diallel analysis fo r 
measur ing t h e general combin ing ability. P o o n i et al. (1984) also conc luded 
t h a t for m e a s u r i n g the gene t i ca l component of variat ion a n d for tes t ing t h e 
assumpt ions on which the e s t ima te s are b a s e d , the diallel is not a p re fe r red 
design. They proposed t h a t a t r ip le test cross (Kearsey a n d J inks , 1968) m i g h t 
be more a p p r o p r i a t e . 
I t is, t he re fo re , evident t h a t f rom some points of v iew t h e data o b t a i n e d 
f r o m a diallel analysis are s o m e w h a t l imited a n d could be ob t a ined from ot h e r 
t y p e s of genet ic exper iments . This , however , is no a r g u m e n t against diaMe 
exper iments as t hey present a very conven ien t (from t h e researcher 's s t a n d -
poin t ) me thod of generat ing t h i s type of d a t a . Using in add i t i on other t y p e s 
of crosses, s u c h as backcross, e tc . , may increase the a m o u n t of i n fo rma t ion . 
A t the same t i m e this m a y l ead to o ther diff icult ies; fo r example , genera l ly 
more genera t ions will be i n v o l v e d , and t h u s t h e problem of genotype-envi ron-
m e n t in te rac t ion cannot be neglected . Also t h e decision of w h a t exactly is t h e 
re levan t r e fe rence popula t ion m a y not be en t i re ly clear. 
While H a y m a n ' s (1954b) analysis is par t icular ly u s e f u l for e v a l u a t i n g 
t h e mode of inher i tance, t h e analysis of Gr i f f ing (1956b) is useful for t h e 
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selection of desirable pa ren t s a n d cross combina t ions . Hence, i t is obvious 
t h a t t h e two me thods toge ther p rov ide more use fu l in fo rmat ion on the me-
chan i sm of inher i tance t h a n each does by itself. 
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"Responsibility for what we do is more and more 
extended by the responsibility for what we fail to 
do because of a lack of adequate information. I th ink 
the lat ter is today more important than the former ." 
(Arthur Horn, 1973) 
One of the most important tasks of livestock polcy in Hungary is to improve 
the catt le branch. In the history of the Hungarian livestock farming, lessons can be 
drawn from the consequences of some important events over the last century. 
Historical survey 
The f i r s t ma jo r change occurred when the H u n g a r i a n grey podol ian 
cat t le f r o m t h e group Bos taurus primigenius, which suppl ied most ly m e a t 
and d r a u g h t power and only very l i t t le milk, were in t h e f i r s t decades of t h e 
cen tury gradual ly replaced b y the H u n g a r i a n spo t ted ca t t l e , a breed of Sim-
menta l charac te r . The cause was the in tens ive deve lopment of agr icul ture a n d 
of da i ry m a n a g e m e n t . In t h e course of th is d rama t i c change , accompained b y 
s t rong professional con t rove r sy , the share of the H u n g a r i a n podolian ca t t l e 
in the ca t t le stock of H u n g a r y was reduced f rom 80 .3% in 1884 to 31 .1% b y 
1910 and to a mere 1 0 % b y 1938. (A s tock of several t h o u s a n d s of this b reed , 
a va luable gene reserve, is expe r t l y p ro tec ted as a na t iona l t reasure) . 
Agr icul tura l p roduc t ion in H u n g a r y be tween the t w o world wars bore 
the m a r k s of a s i tuat ion where 53 .5% of the arable area of the coun t ry was 
possessed b y big- and m e d i u m landowners , 34 .2% were small- and m e d i u m 
peasan t holdings, and 1 2 , 3 % were lands smaller t h a n 3 ha owned b y sub-
sistence f a rmers and agr icu l tu ra l labourers . The 1.9 million catt le- and 0.9 
million cow-stock followed only app rox ima te ly in p ropor t ion to these p r o p e r t y 
relat ions. I t con t r ibu ted t o t h e supply of the domest ic a n d foreign m a r k e t b y 
producing an average of 95 t h o u s a n d t o n s of beef and vea l and 1.5 t h o u s a n d 
million a n n u a l litres of mi lk . Under t h e ma in t enance condit ions of those 
days, milk product ion per cow did no t reach 1600 l i t res in spite of t h e 
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j o in t e f for t s of gove rnmen t organizat ions , in te rna t iona l ly recognized scien-
t i s t s (Újhely i , I . , W e l l m a n n , I . , Csukás, Z., Schandl , J . , Konkoly-Thege, 
S., Horn , A., etc.) and deve lopmen t breeders . 
The ca t a s t roph ic losses caused b y World W a r I I in the cat t le s tock 
could be recovered to some e x t e n t only b y t h e beginning of the f i f t ies . In t h e 
mean t ime , however , wi th t h e land r e fo rm — which g rea t ly af fec ted the pro-
p e r t y re la t ions — 58.2% of t h e area of t h e former big es ta tes was d is t r ibu ted 
a m o n g the c l a iman t s ; a n d on 2 6 % of i t , s t a te f a rms a n d -forestr ies were 
es tabl ished. 
By t h e ear ly sixties t h e large-scale reorganizat ion of agr icul ture was 
completed so t h a t 15% of t h e to ta l agr icu l ture area b e c a m e s ta te- and 7 8 % 
cooperat ive p r o p e r t y . More t h a n half of t h e cat t le s tock a n d 4 7 % of the cows 
were owned b y large-scale f a r m s . T h e y suppl ied 6 3 % of t h e s laughter ca t t le 
and 4 7 % of t h e milk p roduc t i on of t h e coun t ry (1965 d a t a ) . To main ta in a 
s t eady level of p roduc t ion du r ing this reorganiza t ion was an ordeal t h a t re-
quired grea t e f for t s f r o m t h e Hunga r i an agricul ture . 
The composi t ion of b reed in the ca t t l e stock was a t t h a t t ime qui te 
peculiar, as 9 2 % of it was represented b y Hunga r i an spo t t ed , some 2 % Swiss 
b rown type animals and a b o u t 6 % b y o t h e r breeds a n d crosses. According 
to a publ ica t ion of the " E u r o p e a n S i m m e n t a l F e d e r a t i o n " (1966) H u n g a r y 
was the only coun t ry in t h e world where the p ropor t ion of the Hunga r i an 
spo t ted ca t t l e , a breed be longing to t h e S immenta l (Fleckvieh) group was so 
large. The va lues of the H u n g a r i a n spo t t ed ca t t l e—a breed originally developed 
under s o m e w h a t pr imit ive ma in t enance condi t ions — l a y in i ts sound con-
s t i tu t ion , h igh capaci ty of m e a t p roduc t ion , and in the excel lent qua l i ty of i ts 
mea t , which was apprec ia ted even on t h e foreign marke t s . On the o ther h a n d , 
the genetically de te rmined milking capac i ty of the breed is only 3000-3500 kg 
(with a 3 . 8 - 3 . 9 % b u t t e r f a t content ) ( H o r n and Szebenyi, 1955), and it was 
also inferior t o the other E u r o p e a n double purpose b reeds in o ther milking 
character is t ics . I t s unba l anced qualities — while a p o t e n t i a l advan t age for 
purposefu l selection work — made t h e m a n a g e m e n t of milk produc t ion in 
large-scale da i ry fa rms d i f f i cu l t . 
I t is also necessary t o po in t out t h a t t h e H u n g a r i a n d ie t a ry habi t s are 
r a t h e r special. While the a n n u a l per capi ta m e a t consumpt ion a l ready exceeded 
55 kg in t h e sixties, n o w a d a y s 80 kg t h e p ropor t ion of beef and veal did no t 
even reach 1 5 % . At the s a m e t ime, t h e average domes t i c consumpt ion of 
milk and da i ry products (w i thou t bu t t e r ) was only 100 kg or so, fa r below t h e 
European average . (Today i t is abou t 200 kg per capi ta) . Consequent ly , t h e t o t a l 
milk yield of t h e stock b u t on ly half of t h e s laughter ca t t le p roduc t ion sat isf ied 
domest ic consumpt ion . T h e o the r 5 0 % of t h e la t te r was a n i m p o r t a n t source 
of nat ional income unti l t h e res t r ic t ive i m p o r t measures of t h e Common Market 
countries b e g a n in 1974. 
Ada Agronomica Hung. 37. 1988 
SPECIALIZATION I N H U N G A R I A N CATTLE B R E E D I N G 355 
I t was t h u s quite n a t u r a l t h a t in t h e sixties the breed ing effor ts were 
concen t ra ted f i r s t of all on improving t h e Hunga r i an spo t t ed cat t le s tock . 
These ef for t s were mani fes ted in 
— keeping t h e to ta l large-scale stock of ca t t l e unde r breeding- and p roduc -
t ion cont ro l ; 
— e labora t ing and in t roduc ing u p - t o - d a t e selection me thods (breeding 
s tocks, p lanned m a t i n g of bullraising cows, p rogeny tes t , etc.) (Bocsor, 
Csukás, Horn , Guba , Kecskés, Konko ly , Magyari , Márkus , Schandl , e tc . ) ; 
— ar t i f ic ia l inseminat ion of more t h a n 9 0 % of the female s tock wi th t h e 
modern iza t ion of this technology (Mészáros, Becze); 
— s t a r t i ng an in te rna t iona l ly in teg ra ted breeding work w i th leading coun-
tries (Guba , Németh , Szmodits) ; 
— modern iza t ion of feeding (Baintner , Berke , Biró, Bocsor, Csukás, G u b a , 
Tangl , Urbány i , etc .) ; 
— improv ing the technology of ca t t le f a t t e n i n g and calf rais ing (Bárczy , 
Bocsor, Czakó, Guba , Kállai , Kra lovánszky , etc.); 
— modern iz ing the ma in tenance technology (Bocsor, Czakó, Guba , K a p -
péter , Molnár , Szaleczky), 
— m a k i n g machine milking in large-scale cow-stocks a general p rac t i ce 
(Berke, Czakó, Csiszár, Csiffó, D o h y , Guba , Illés, K a t o n a , Munkács i , 
P a t k ó s , Szajkó) , 
— comple t ing the TBC el iminat ion, and raising an eff ic ient guard aga ins t 
brucellosis and rear ing diseases (Kovács , Manninger , Mészáros, Mócsy, 
Szen t - Ivány i , etc.). 
However , t he leading personali t ies of l ivestock f a r m i n g in H u n g a r y t r i ed 
to exploit o the r possibilities which promised a more rap id progress. Many of 
t h e m were well aware of t h e fac t t h a t , w i th a single-breed double -purpose 
stock, t h e p rob l em of ca t t le f a rming canno t be solved. Thus , H o r n had a l r e a d y 
called a t t e n t i o n to the necessi ty of special izat ion in 1949. This inspired t h e 
executives of t h e Ministry of Agricul ture , unde r Minister F . Erdei , as well as 
their researchers , to s ta r t a crossing work in t h e early f i f t i es wi th the pu rpose 
of developing stocks wi th a be t t e r milking capac i ty . F r o m the mid-f i f t ies on-
ward, wide farm-scale expe r imen t s were carr ied out wi th foreign breeds used 
for crossing purposes accl imat izat ion. Crossing of o u t s t a n d i n g i m p o r t a n c e 
were H o r n et al. 's Danish Je rsey ( "mi lk - type H u n g a r i a n b r o w n " of 5 0 % 
and " m i l k - t y p e Hunga r i an s p o t t e d " of 2 5 % Je r sey gene rat io) and Magyar i ' s 
kos t roma (covering H u n g a r i a n spot ted and Hunga r i an grey stocks) p rog rams . 
By the end of t h e sixties the i r order of m a g n i t u d e occasionally exceeded even 
10-10 t h o u s a n d cows. Crossing of minor impor t ance included Piacsek's t r an s -
forming crossing of the Swiss brown t y p e breed (fused in to the kos t roma) ; 
the Bed Dan i sh crossing ( later included in t h e Je rsey crossing) directed b y 
Márkus t h e n b y Mrs. Guba , and la ter b y D o h y and Szuromi ; Sebes tyén ' s 
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crossing of Red and whi te du t ch Fr ies ian lowland cat t le , and f inal ly Szuro-
mi 's Ayrsh i re exper iment . 
The idea of impor t i ng Eu ropean lowland breeds D u t c h Fr ies ian was 
p romoted b y Felszeghy in 1958, bu t was realized only seven years la ter w h e n 
the new indus t r ia l dairies of s t a te f a r m s were s tocked in an order of severa l 
thousands . 
The series of mea t -pu rpose expe r imen t s was opened b y a model ex-
per iment of Angus and Hereford crossing carried out b y H o r n et al. (1956) 
— f i rs t w i t h the ass is tance of J . H a m m o n d , professor of Cambridge us ing 
deep-frozen sperm — w i t h o u t any d e m o n s t r a b l y i m p o r t a n t results . N é m e t h 
(1961) car r ied out examina t ions wi th a minor Angus and Charolais s t r a in . 
In t h e middle of t h e sixties Magyar i e t al. suggested t h e use of L imous in 
in H u n g a r y . On Izinger 's in i t ia t ive a He re fo rd stock of several h u n d r e d s was 
impor ted ; t h e results jus t i f i ed his ac t ion . In the second half of t h e s ixt ies 
Harsány i a n d Munkácsi s t a r t e d successful exper iments a imed at developing 
the H u n g a r i a n spot ted beef-ca t t le ( " D á l i a " p rogramm) . T h a t is why t h e Sim-
menta l l a t e r gained g round in the overseas countr ies where it has since been 
ever increasingly used as a crossing p a r t n e r to improve t h e mea t p roduc t ion . 
Despite these various new a t t e m p t s t h e deve lopment of ca t t le breeding fai led 
to meet t h e object ives . Specifically, t h e period be tween 1960 and 1970 was 
character ized by the following s ta t i s t ics : 
— the n u m b e r of ca t t le per 100 ha agr icu l tu ra l area was only 27 in H u n g a r y , 
c o m p a r e d for example to 62 in t h e Un i t ed K ingdom and 95 in t h e Ger-
m a n Federa l Republ ic . The dens i ty of stock in H u n g a r y was t h u s f a r 
beh ind t h a t in t h e developed l ives tock f a rming countr ies . The cow s tock 
did n o t increase, despi te subs t an t i a l government suppor t , t h o u g h a t 
the s a m e t ime t h e sectoral r e a r r a n g e m e n t was considerable (Fig. 1); 
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Fig. 1. Cow stock 
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milk p roduc t ion per cow in H u n g a r y was only 2500 1 on a na t iona l aver-
age, while for example in t h e Uni ted K i n g d o m it was 3800 1 or more and 
in the G e r m a n Federal Repub l i c it exceeded 3600 1. I n H u n g a r y bo th 
t h e specific o u t p u t and t h e t o t a l p roduc t ion showed decreasing tendencies 
(Figs 2 and 3); 
otherwise, s l augh te r cat t le p roduc t ion e x p a n d e d , (Fig. 4) t h u s enabl ing 
an increase in expor ts . 
T h e causes h inder ing the expec t ed deve lopment of the b r a n c h were: 
owing to t h e invar iably u n f a v o u r a b l e ma in t enance and feeding condi-
t ions, only a b o u t 70% of t h e genetically de te rmined p roduc t ion po ten t ia l 
of the stock could be rea l ized; 
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Fig. 4. Slaughter cattle production 
— owing to t h e low level of milk p roduc t ion — in spi te of the considerable 
s ta te subs idy granted — p roduc t s were t u r n e d out at low economic 
efficiency. The Hunga r i an spo t t ed s tock was generally unsu i t ab le for 
efficient mach ine milking, a pract ice indispensable tinder large-scale 
condit ions; 
— owing to t h e expensive i n v e s t m e n t s and the l abour problems of car ry ing 
out p roduc t ion in ou tmoded buildings, t he i n p u t s were no t r e f u n d e d ; 
hence most managers of large-scale f a rms regarded catt le b reed ing as a 
"necessary ev i l " . 
Despite t h e unan imous ly posi t ive resul ts of t h e crossing exper imen t s 
men t ioned (Jersey , Kos t roma , Red-Dan i sh , then la te r Ayrshire) t h e y did not 
become widespread in H u n g a r y in consequence of a cer ta in degree of over 
va lua t i on of t h e H u n g a r i a n spo t t ed breed caused b y t h e extensive s laughter 
c a t t l e expor t . Only the Je rsey crosses spread to a no t ab l e ex ten t in t h e s ta te 
f a r m s , in which t h e professional s taf f was recept ive to this novel ty a n d , due 
t o t h e higher technica l level, special izat ion became an urgent need. 
Otherwise, i t was obvious, t h a t t h e simple popula t ion s t ruc tu re could 
no longer be m a i n t a i n e d and a n y progress to be m a d e would require t h e fas tes t 
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possible improvemen t of t h e "biological basis" , t h e genet ic capaci t ies , within 
the given breed t h a t could not be resolved by selection alone. I t is unde r s t and -
able, t h e n , t h a t the e x p e r t s ' a t t en t i on tu rned to h igh-capaci ty specialized 
breeds wh ich when accl imat ized or used as crossing p a r t n e r s , were expec ted to 
solve t h e problems of t h e catt le b r a n c h . The greates t in teres t was aroused by 
the USA-Canadian Hols te in-Fr ies ian ca t t l e . Horn h a d already suggested in 
1963, w h e n re turn ing f r o m his lec tur ing t ou r in the U n i t e d States of America, 
to t r y t h e Holstein b r e e d in H u n g a r y . However , t h e off ic ia l circles did not 
then show much in teres t in the m a t t e r . The opinions of those bel ieving in the 
H u n g a r i a n spot ted ca t t l e were still decisive at t h a t t i m e . 
The change of v iew was great ly promot ioned b y t h e papers a n d lectures 
of H o r n a n d Bozó (1969), Horn , Izinger and Kazareczki (1969), Gergely (1970) 
and Iz inger (1972). T h e y gave scient if ic suppor t t o t h e new direct ion of the 
breeding policy and were also able t o refer to def in i te resul ts f r o m H u n g a r i a n 
exper iments . Accordingly: 
— w i t h 160 doses of Hols te in-Fr ies ian sperm received as a p resen t f rom 
C a n a d a , f irst in 1966 Horn insemina ted in H u n g a r y a Jersey-blood 
s tock thereby f o u n d i n g the p o p u l a r " H u n a r o f r i z " breed; 
— Fü les sy and S imon-Rusz inkó in 1968 s tar ted farm-sca le red-Hols te in X 
X Hunga r i an s p o t t e d crossing in s t a t e fa rms m a r k e d out for t h i s purpose ; 
— t h e f i r s t Hols te in-Friesian s tock (35 heifers, 1 black spo t ted- , 1 red 
Hols te in- and 1 Here fo rd bull) impor ted by H o r n in 1969 was f inanced 
b y t h e Bábolna S t a t e Fa rm. Th i s was followed b y impor ts of several 
t h o u s a n d heifers t o o ther f a rms (Agárd, Eny ing , Mar tonvásá r , etc.) and 
b y purchases of bul ls and s p e r m for the m a i n art if icial insemina t ion 
s t a t i o n s ; 
— t h e Hereford s tock developed in Izinger 's in i t i a t ive , and t h e Limousin 
s tock established on Magyari 's suggest ion, encouraged other s t a t e fa rms 
to establ ish stocks of several t h o u s a n d of these breeds . At t h e same t ime 
u p g r a d i n g crossing a n d combina t ive crossing s t a r t e d with t h e ment ioned 
breeds for the pu rpose of p roduc ing breeding s tock and an imals for 
f a t t e n i n g had y ie lded similarly favourab le resul t s . 
W i t h the impor t of new breeds, up- to-da te ma in tenance a n d feeding 
technologies were i n t r o d u c e d and widely spread in H u n g a r y . 
Fol lowing these br ie f ly out l ined favourable deve lopments , a govern-
ment p roposa l was f o r m u l a t e d t h a t w h e n accepted in 1972, became a new 
milestone in the h i s tory of Hungar i an cat t le breeding. 
This government decision (No. 1025/1972) a imed a t placing ca t t l e breed-
ing on t o t a l l y new basis . The large f a r m s were given t h e t a sk of special izat ion, 
which m e a n t the es tab l i shment of indus t r i a l milk p roduc t ion sys tems on the 
one h a n d , and on the o t h e r the in t roduc t ion of s ingle-purpose m o d e r n beef-
cattle f a r m i n g , a b r a n c h h i ther to t o t a l l y unknown in H u n g a r y . 
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Results of the government decision aimed at developing the cattle branch 
Milk-oriented specialization 
On the basis of p re l iminary genetic calcula t ions (Bozó a n d D u n a y 1972) 
t h e b ranch deve lopmen t p r o g r a m m e marked ou t t h e USA-Canad ian Holstein-
Friesian b reed as t h e f o r m a t i v e base of da i ry - type stocks a n d was used in 
th ree ways : 
— pure -b reed ing of impor t ed s tocks; 
— breed t r a n s f o r m a t i o n b y u p grading crossbreeding; 
— combina t ive crossing b y t h e jo in t use of Hols te in-Fr ies ian and Danish 
Jersey c a t t l e . 
This t h i r d m e t h o d p roduced t h e Hungaro f r i z catt le ( H o r n , Bozó, D o h y 
and D u n a y 1984), a breed off ic ia l ly registered in 1984. 
In the s t a t e f a rms the large-scale crossing work began in October 1972, 
while in the coopera t ive f a r m s only some 1.5-2 years la ter , ma in ly for con-
cept ional reasons . The main l ine was the t r a n s f o r m a t i o n g r a d i n g up of t h e 
Hunga r i an s p o t t e d breed b y crossing it with t h e Hols te in-Fr ies ian breed, be-
cause this p romised the s imples t and most r a p i d way to p u t an end to t h e 
pressing shor tage of milk. Pr ior t o l aunching t h e crossing p r o g r a m m e , extensive 
breeding organiza t ion was car r ied out . To p roduce the neces sa ry breeding 
bulls and accelera te the process of special ization, H u n g a r y pu rchased more 
t h a n 22,000 Hols te in-Fr ies ian heifers f rom t h e Un i t ed Sta tes a n d Canada b y 
1982. 
Today t h e popula t ion of pure-bred Hols te in-Fr ies ian cows exceeds 
24.000 and wi th th is stock H u n g a r y is one of t h e largest pu re -b reed Holstein-
Friezian gene bases in Europe . This popula t ion , the bul l-rais ing cows (bull 
dams) in pa r t i cu la r , are i n s e m i n a t e d with t h e s p e r m of t o p p rogeny- tes ted 
bulls , con t inuous ly being pu rchased f rom t h e Uni ted S ta t e s and Canada . 
Seven ty per cent of these bulls come f rom t h e f i r s t 100 on t h e " top"- l i s t of 
t h e USA. 
For the work of breeding a n d crossing Hols te in-Fr ies ian ca t t l e H u n g a r y 
h a s impor ted a läge a m o u n t of sperm, as well as m a n y b reed ing bulls and 
embryos , mos t of t h e m f r o m t h e Uni ted S ta tes . A to ta l of a b o u t 200 bulls , 
nea r ly one million doses of s p e r m and 1500 embryos of Hols te in-Fr ies ian 
b reed came in to t h e coun t ry , mos t ly dur ing t h e last 15 y e a r s . In order t o 
p roduce the H u n g a r o f r i z b reed , several t h o u s a n d doses of J e r s e y sperm were 
impor t ed f r o m D e n m a r k , and also alpine (main ly Aust r ian a n d Bavar ian) 
spo t t ed breeding mate r ia l t o i m p r o v e the H u n g a r i a n spot ted b reed . F u r t h e r -
more , H u n g a r y impor t ed severa l thousands of European (black and red 
spo t t ed) Lowland heifers, t h o u g h pr imar i ly for t h e purpose of increasing t h e 
s tock . Their use e i ther for pure-breed ing or for crossing did n o t meet t h e 
expecta t ions . 
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I n H u n g a r y Hols te in-Fr ies ian sperm is used at p resen t for the in semina -
t ion of 8 4 % of the cow s tock of large f a r m s . The change in the compos i t ion 
of breed is c lear ly seen in Tab le 1 which shows the d i s t r ibu t ion of cont ro l led 
cows (n = 379,597) represen t ing 65% of t h e to t a l dai ry s tock at the e n d of 
1986. 
Considering t h a t in 1974 the double-purpose H u n g a r i a n spot ted c a t t l e 
represented 9 2 % and Holstein-Friesian a n d Holstein crossbreed cattle a m e r e 
Table 1 
Distribution of the controlled milk-cow stock (n = 379,597) of Hungary on 31 December 1986 
Hungarian spotted 6.00% 
Holstein-Friesian (H-F) 6.32% 
Black spotted H-F crossbred 42.46% 80% H - F blood 
Red spotted H-F crossbred 29.05% 
Hungarofriz* 5.68% 
Other** 10.49% 
100.00% 
* A breed produced by combinative crossing between Holstein-Friesian and Danish 
Jersey cattle. 
** Breeds and crossing constructions below 1.5%, and cows of unidenfied genotype. 
0 . 3 % of t h e t o t a l catt le s tock of Hunga ry , while today m o r e t h a n 85% of t h e 
ac t ive breed ing mater ia l is of Holstein or ig in , anyone c a n recognize t h e re-
vo lu t ionary change t h a t h a s t a k e n place in t h i s field. 
As seen f r o m Table 2 t h e cattle s t o c k of H u n g a r y has undergone a 
s t ruc tu ra l r e a r r a n g e m e n t t oo . 
Table 2 
Distribution of the cattle stock of Hungary, production and consumption of milk (1972-1986) 
Year 
Cow (1000) Total 
number 
of cows 
(.000) 
Meat-pur-
pose cowa 
(.000) 
Total 
number 
of cattle 
(.000) 
Milk production Milk- and 
mi lk pro-
duct con-
sumption 
per capita 
state 
sector 
cooperative 
sector 
small 
producers 
tota l 
million, 
kg 
per capita, 
kg 
1972 94 331 337 762 3 1893 1596 154 116 
1973 91 362 333 186 15 1930 1730 166 112 
1974 94 388 314 796 30 2017 1796 142 119 
1975 102 380 278 760 56 1904 1767 168 127 
1976 106 396 264 766 63 1887 1873 177 136 
1977 109 412 260 781 64 1949 2078 196 144 
1978 114 415 259 788 67 1966 2206 213 153 
1979 118 414 240 772 72 1925 2383 223 160 
1980 122 418 225 765 74 1918 2471 231 166 
1981 124 422 213 759 76 1945 2600 243 172 
1982 127 425 203 755 80 1960 2628 246 175 
1983 124 422 189 735 97 1951 2725 254 180 
1984 123 415 187 725 106 1969 2725 254 180 
1985 124 387 177 688 97 1766 2693 252 185 
1986 123 382 171 676 95 1725 2652 250 185 
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Since 1972 until 1984 t h e number of dairy-cows in t h e large f a r m s h a s 
grown by m o r e t h a n 110 000 ( f rom 425 t o 538 thousand) , while the cow s t o c k 
of small p roduce r s has r e g r e t t a b l y been decreas ing f rom y e a r to year, de sp i t e 
generous s t a t e subsidizat ion. Compared t o 337,000 in 1972, only 187,000 cows 
were in p r i v a t e possession in 1984. This decl ine can be a t t r i b u t e d m a i n l y to 
an i m p r o v e m e n t in the social conditions of t h e village popu la t ion , and t o t h e 
effect of u rban i za t i on . Since 1984, the n u m b e r of cows decreased in the cooper -
a t ive and p r i v a t e sectors as a consequence of economical factors (Table 2). 
Between 1972 and 1982, the tota l v o l u m e of milk produced increased 
b y 65%, t h e per capita mi lk product ion b y 60% and t h e per capi ta mi lk 
consumpt ion b y 51%. This expansion a p p e a r s all the m o r e remarkable as t h e 
s tock of mi lked cows decreased by 2 0 % d u r i n g the s a m e period. W h e n t h e 
cross-breeding p rogramme s t a r t e d , the T B C - and brucellosis eradicat ion of 
t h e tota l c a t t l e stock of H u n g a r y was comple ted . F ina l ly modern mi lk ing-
house and f ree -open m a i n t e n a n c e technologies and new feed ing systems were 
in t roduced a n d became widespread . 
The g r o w t h of milk o u t p u t per cow was al together spectacular . As seen 
f r o m Table 3, t h e g o v e r n m e n t p rog ramme on cattle b reed ing , which m a y 
certainly n o w be considered historically s igni f icant , led in t h e past 14 y e a r s 
t o an about 90% growth of milk production per cow, on a national and state farm 
average alike. This is unpreceden ted wor ldwide! The 5529 kg p r o d u c t i o n 
average of t h e s ta te f a rms is par t icular ly va luable . If t h i s were the n a t i o n a l 
average, H u n g a r y would be among the 7 countries w i t h the highest mi lk 
product ion p e r cow in the wor ld . The s u p p l y , and with i t t h e consumpt ion of 
Table 3 
Commercial production average per cow on a national scale and in the slate farms 
State farm 
National average average within 
Year  
4 % kg % 
1 9 7 2 2 3 6 3 1 0 0 2 9 4 2 1 0 0 
1 9 7 3 2 4 5 8 1 0 4 2 1 0 3 1 0 5 
1 9 7 4 2 4 7 8 1 0 5 3 3 0 4 1 1 2 
1 9 7 5 2 4 1 1 1 0 2 3 3 2 6 1 1 3 
1 9 7 6 2 7 0 6 1 1 5 3 6 6 9 1 2 5 
1 9 7 7 2 9 3 7 1 2 4 4 0 8 5 1 3 9 
1 9 7 8 3 1 3 7 1 3 5 4 3 7 7 1 4 9 
1 9 7 9 3 4 0 1 1 4 4 4 5 8 2 1 5 6 
1 9 8 0 3 6 1 2 1 5 3 4 6 6 2 1 5 8 
1 9 8 1 3 8 3 1 1 6 2 4 8 5 4 1 6 5 
1 9 8 2 4 0 2 3 1 7 0 5 0 4 6 1 7 1 
1 9 8 3 4 4 4 4 1 8 3 5 2 3 5 1 7 8 
1 9 8 4 4 3 3 0 1 8 3 5 3 2 0 1 8 1 
1 9 8 5 4 4 0 0 1 8 6 5 3 3 4 1 8 1 
1 9 8 6 4 4 9 0 1 9 0 5 5 2 9 1 8 8 
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dai ry products , h a v e increased. B e y o n d the d o m e s t i c supply, t h e dairy in-
d u s t r y of H u n g a r y real ized prof i tab le exports of 30—35 million dol lars a year. 
I n order to de t e rmine w h a t price in s l augh te r value of f a t t e n i n g bulls 
was to be paid for t h e increased mi lk ing capaci ty of t h e cow s tock , the re-
searchers carried ou t series of f a t t e n i n g exper iments . The major m e a t produc-
t ion indices of milking genotypes occurr ing in t h e l a rges t popula t ion are sum-
marized in Table 4. T h e Hunga r i an spo t ted ca t t le , a breed of r e n o w n on the 
Table 4 
Meat production of dairy bulls 
Characteristics 
Hung, 
spotted 
Holstein-Friesian 
Hung, spotted X 
Holst.-Fr. (F,) Hungarofriz 
100% 
abs. rel. abs. rel. abs. rel. 
Final fattening weight, kg 532 532 100 572 108 536 101 
Weight gain, g 1083 1023 94 1121 104 1053 97 
Starch equivalent/1 kg 
weight gain, kg 4.1 4.4 107 4.0 98 4.2 102 
Slaughter, % 58.7 57.1 97 57.5 98 57.1 97 
Fat , % 5.0 5.4 108 6.0 120 6.2 124 
Boneless meat, % 75.3 72.2 96 72.9 97 73.6 98 
Bone, % 16.0 18.2 114 17.1 107 16.7 104 
Bony meat/day of life, g 574 539 94 616 107 554 97 
Boneless meat/day of life, g 432 389 90 449 104 408 94 
Fatt ing: mass fodder supplemented with concentrate 
i n t e rna t iona l s laughte r ca t t le m a r k e t even today , is undoub ted ly t h e best in 
an overall eva lua t ion . Despi te t h e changed compos i t ion of s tock , H u n g a r y 
expor t s more t h a n 5 0 % of the beef produced , m o s t l y t o new m a r k e t s . 
According to t h e pre l iminary genetic ca lcu la t ions (Bozó a n d Dunay , 
1972) t h e Hols te in-Fr ies ian and Dan i sh Jersey b r e e d s were the m o s t suitable 
for t h e purpose of d a i r y i ndus t ry a n d the c o m b i n a t i o n of t h e t w o breeds 
promises par t icu lar ly o u t s t a n d i n g resul t s . The same conclusion was d r a w n by 
Lerner and Donald (1966). F u r t h e r m o r e , the rea l i za t ion of this f a c t in the 
German Democra t ic Bepub l i c resul ted in a g o v e r n m e n t p rogramme on catt le 
breeding, and the s a m e line has been followed in New-Zealand, a coun t ry 
known to be the g r ea t e s t da i ry-produce expor ted of the world (S t ichbury 
1982). 
The results gave sweeping evidence of the cor rec tness of the pre l iminary 
genetic calculat ions. T a b l e 5 clearly shows the supe r io r i t y of geno types speci-
alized for milk p r o d u c t i o n to the H u n g a r i a n s p o t t e d cat t le . 
The f i r s t and ave rage lac ta t ion product ion of b reeds and crosses reared 
in t h e largest popu la t ions is conta ined in Tables 6 a n d 7. 
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Table 5 
National production averages in the 1st lactation period 
(1 January 1975-30 June 1978) 
Hungarian Holstein- Hung. sp. x 
Denomination spotted* Friesian Holst.-Fr. (F , ) Hungarofriz 
Number of cows 13 422 12 357 16 464 2 784 
Age of f irst calving, months 28.9 28.9 26.8 26.3 
Max. daily milk, kg 13.0 22.7 18.2 19.3 
Milk, kg 2 761 5 233 3 997 4 218 
But ter fa t , kg 108 175 151 173 
But ter fa t , % 3.91 3.34 3.78 4.10 
Persistence 73 77.5 76.0 75.7 
Days between calvings** 403 406 373 369 
* Baranya country (Southern Transdanubia). 
** I—IV. lactations. 
Table 6 
First lactation production by cous of breeds and crossing constructions kept in larger populations 
in a 305-day period of 1984 
Lactation production 
Number A 6 e , a t t i r 8 t — 
Designation of cow, ^ l v r n g ^ butterfat, butterfat, 
kg kg % 
Hungarian spotted 
Holstein-Friesian 
Holstein F j 
Holstein R j 
Holstein R 2 
Hungarofriz 
Total 
5 007 30.4 3318 126.4 3.80 71.9 
6 085 28.6 5746 200.1 3.48 74.5 
25 275 29.0 4228 154.9 3.66 72.9 
32 752 28.5 4492 163.4 3.63 73.6 
7 824 27.6 4857 175.5 3.61 72.4 
5 418 28.8 4327 175.8 4.07 72.4 
95 965 28.7 4394 161.0 3.66 73.1 
Table 7 
Average lactation production of breeds and crossing constructions kept in larger populations in a 
305-day period 
Number Average D a y s of Milk, Butterfat
 T i m e between 
Designation
 Qf c o w 8 btci. milking kg calvings 
Hung, spotted 25 769 3.5 288 3896 147.0 3.77 406 
Holst .-Fr. 18 921 2.5 296 6187 214.3 3.45 417 
Holstein F j 116 790 2.8 291 4868 178.2 3.66 403 
Holstein R j 70 280 1.8 292 4938 179.3 3.63 399 
Hungarofriz 17 737 2.6 291 4812 193.0 4.01 397 
Total 249 197 2.6 291 4882 179.0 3.67 403 
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In spite of t h e most ly unsa t i s fac tory m a n a g e m e n t condi t ions , the o f t e n 
object ionable technological level and the occasionally resu l t ing feeding de -
ficiencies, t he p roduc t ion resul ts a t ta ined are acceptable . T h e product ion l eve l 
of the Hols te in-Fr ies ian s tock which r ep resen t s the ma in base of b r e e d i n g 
m a y provide reasons for sa t i s fac t ion. I t s a v e r a g e 6187 kg lac ta t ion p r o d u c -
t ion per cow w i t h s t a n d s cr i t ic ism. I t is especia l ly promising t h a t for t h e l a s t 
four years an a n n u a l genetic progress of 85 k g in milk p roduc t ion has b e e n 
registered, which proves the success of b reede r s . 
The genet ic progress m a d e in the Hols te in-Fr ies ian b reed extended a l so 
to the Holste in crosses. F o r m 1981 to 1984 t h e average mi lk product ion in -
creased f rom 4467 to 4868 kg in the F j a n d f r o m 4701 to 4938 kg in t h e R x 
generat ion ( 7 5 % H-F) , which corresponds t o a 100 and 59 k g growth of m i l k , 
respectively, a y e a r . In the same period t h e lac ta t ion milk product ion of t h e 
Hunga r i an s p o t t e d stock also increased b y 117 kg, which indica tes an a n n u a l 
improvemen t of 29 kg. 
The d inamic deve lopment of the ca t t l e b r a n c h has ar isen in the p a s t 
15 years f rom a successful cooperat ion wi th t h e Holstein Breed ing Associat ion 
of the Uni ted S ta tes . 
The economic changes in recent years h a v e u n f a v o u r a b l y affected t h e 
cat t le branch of H u n g a r y . F o r reasons ou t s i de the b r anch , t h e input co s t s 
increased radica l ly while the price of milk d id n o t pract ical ly change. The f a c t 
t h a t the b ranch could overcome these diff icul t ies is due f i rs t of all to the g r o w t h 
of product ion resu l t ing f rom t h e changed compos i t ion of t h e s tock, and p a r t l y 
to the ra t iona l , inexpensive main tenance s y s t e m s . 
Meat-oriented specialization 
The deve lopmen t of da i ry - type s tocks w a s only one line of the in i t i a l 
specialization. T h e other t a sk was to produce single-purpose beef-cat t le p o p u -
lat ions. 
In H u n g a r y the quest ion of s ingle-purpose beef-cat t le keeping is e v e n 
t o d a y a cont rovers ia l sub jec t in professional circles. The opinions differ n o t 
only on the s u b j e c t of the b reed or genotype t o be kept ; m a n y even query t h e 
ra t ional i ty of t h i s b ranch . However , the ex i s tence of single-purpose beef -ca t t l e 
stocks in H u n g a r y is made reasonable by t w o fac tors : 
— cow-stocks of high milk-yield specialized for milk p roduc t ion have g a i n e d 
ground a t t h e expense of t h e conven t iona l Hungar i an spot ted ca t t l e of 
double pu rpose ; 
— uti l izat ion of existing grazing areas a n d hi ther to w a s t e d by p r o d u c t s 
(maize-stalk, gra in-s t raw, grasslands, e tc . ) . 
Namely , t h e high expenses of es tabl ish ing large-scale da i ry fa rms m a k e 
it impera t ive t o produce t h e requi red a m o u n t of milk wi th t h e lowest poss ible 
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number of cows. But th is in tu rn a u t o m a t i c a l l y involves a reduct ion in the 
number of calves, the mos t decisive f a c t o r in meat p roduc t ion . 
Table 8 clearly shows how the p r o d u c t i o n of beef fo r one person decreases 
wi th the increasing milk p roduc t ion p e r cow. Calculat ions by Sándi (1980) 
made it obv ious t ha t , in t h e case of a considerable increase in t h e average 
Table 8 
Beef production (kg) per dairy coiv for one person with differences in production and consumption 
Average milk consumption per cow 
Designation 3000 4000 sooo 6000 
litre 
Milk consumption, litre Beef production for one person, kg 
2 0 0 1 6 . 6 1 2 . 5 1 0 . 0 8 . 3 
2 5 0 2 0 . 8 1 5 . 6 1 2 . 5 1 0 . 4 
3 0 0 2 5 . 0 1 8 . 7 1 4 . 9 1 2 . 0 
milk p roduc t i on of cows, t h e present pe r cap i ta beef p roduc t ion w h e n based 
of cows, t h e present per c a p i t a beef p r o d u c t i o n when based on cows yie ld ing 
milk could n o t even be ma in ta ined wi th an increase in t h e average m i l k con-
sumpt ion . I n t h e case of an average milk produc t ion of 6000 litres th is process 
would u l t i m a t e l y put a s top to either t h e ex p o r t or the domest ic c o n s u m p t i o n 
of beef, t h e l a t t e r of which, wi th its q u a n t i t y of 10 kg /head , is in a n y case 
ext remely m o d e s t . Besides, t h e level of e x p o r t s ma in ta ined , an increase in the 
share of beef consumpt ion f r o m the t o t a l domest ic m e a t consumpt ion is also a 
pr imary i n t e r e s t . While in recent yea r s t h e per cap i t a product ion of pork 
and pou l t ry m e a t increased b y 34 kg, as also did the r a t i o of these k i n d s of 
mea t wi th in t h e to ta l m e a t consumpt ion , t h e fact t h a t beef consumpt ion has 
remained on t h e ment ioned low level gives cause for t h o u g h t . For each k g of 
pork and p o u l t r y meat t o be produced ( including t h e egg product ion) 0 .55 -
0.60 kg p r o t e i n feed has t o be impor ted a n d paid by foreign currency, while 
the p roduc t ion of beef can be prac t ica l ly solved w i t h o u t impor t ing p ro te in 
feeds. 
The o t h e r , similarly impor t an t a s p e c t s of the p rob lem is the " b y - p r o -
d u c t " u t i l i za t ion . According to ca lcula t ions by Guba a n d Babinszky, in the 
case of a m o r e than 4000 kg milk p r o d u c t i o n or in t h e course of in t ens ive 
fa t ten ing , on ly 5 % of t h e s t a rch equ iva l en t requ i rement can he supp l i ed by 
these b y - p r o d u c t s , while t h e s tarch e q u i v a l e n t r equ i remen t for keeping beef-
cows and ra i s ing heifers can mostly be sa t i s f ied by t h e m . The only w a y to 
solve all t h e s e problems a n d exploit t h e possibilities r a t iona l ly is t o deve lop 
the s ingle-purpose beef-ca t t le branch. 
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A t present (1986) 95,000 beef-cows are kept in H u n g a r y wi thout mi lk ing. 
According to various ca lcula t ions it is possible to increase this popu la t ion . 
Single-purpose beef -ca t t l e keeping in its present f o r m is a t o t a l ly new 
b ranch in H u n g a r y . However , in recent yea r s it had to be realized t h a t ne i the r 
i ts t echnology nor i ts breedeing aspec ts were as s imp le as original ly 
t h o u g h t . 
Y e t , some conclusions have a l ready been drawn. T h e only p r o d u c t of 
beef -ca t t le keeping is t h e calf t h a t can be used for f a t t e n i n g . For th i s ve ry 
reason i t can be economically reared only on pastures w h i c h cannot be p ro f i t -
ably used for more intensive cul t iva t ion . I t should not o c c u p y impor t an t fodde r 
crop areas , and feeding in w in t e r mus t also be based on feeds tu f f s t h a t could 
no t be ra t iona l ly given t o milk-cows or o ther domest ic species. A f u r t h e r 
d e m a n d in keeping beef-cows is the dispensabil i ty of p e r m a n e n t bui ld ings . 
As p roved by the exper iences and research resul ts of the pas t f i f t e e n 
years , t h e breeding tasks a p p e a r to be a complex problem in t h e single-purpose 
beef -ca t t le b ranch . Namely , in developing dairy stocks t h e r e is a possibi l i ty 
of p roduc ing a nearly o p t i m u m type t h a t yields a p l en t i fu l and concen t ra t ed 
milk, regular ly calves and accomodates itself well to t h e indus t r ia l condi t ions 
of p roduc t ion . In beef-cat t le breeding, conversely, it has b e e n established t h a t 
no o p t i m u m breed exists, a n d the a t t e m p t to develop one would be in va in . 
In pa r t i cu la r the qua l i t a t ive fea tures mos t impor tan t f r o m the point of view 
of calf p roduc t ion , such as ear ly sexual ma tu r i ty , e a s y calving, m o d e r a t e 
body weight , e tc . are genet ical ly an tagonis t i c to the most i m p o r t a n t cha rac t e r -
istics of t h e end-produc t , i.e. t h e beef-ca t t le . These are de l ayed fat deposi t ion, 
good f lesh conformat ion , h igh and long-last ing increase of weight , etc. F o r this 
reason t h e op t imum solut ion is a rad ica l separation of t h e ma te rna l and 
p a t e r n a l l ines. 
P rac t i ce followed t h e real izat ion of th is fact . Wh i l e parallel w i t h t h e 
s ingle-purpose beef-cat t le p roduc t ion based on dairy s tocks , a p r o g r a m m e 
in i t i a ted b y Horn et al., b r eed t r ans fo rma t ion upgrad ine p rogrammes wi th 
He re fo rd and Limousin ca t t l e used for crossing were l aunched a t t h e be-
ginning of t h e seventies u n d e r the guidance of various enterpr ises and insti-
tu t ions . The pure-breeding of the H u n g a r i a n spot ted b r e e d as beef -ca t t l e 
( " D á l i a " programme) was set as an object ive , bu t t h e s i tuat ion h a s b y 
now radica l ly changed. Besides the H u n g a r i a n spot ted b reed t h a t sa t isf ies 
special expor t demands, increasing a t t e n t i o n is paid in t h e large f a r m s to 
th ree -way crosses in va r ious combina t ions , when c rossbed cows are in-
semina ted b y some larg f r a m e d bull (Charolais, L imous in , Hungar i an spot -
t ed , Blonde d 'aqui ta ine) (F ig . 5). The examinat ions h a v e proved t h a t t h e 
d e m a n d s raised on the m e a t - p r o d u c t i n g male line are r e l a t i ve ly easily m e t by 
several breeds , such as H u n g a r i a n s p o t t e d , Charolais a n d Limousin. O the r -
wise the d e m a n d s raised on t h e ideal female line, are so m a n i f o l d t ha t t h e y can 
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Fig. 5. Scheme of developing a meat-purpose mother cow stock based on dairy populations 
most ly be sa t i s f ied only b y a popula t ion p roduced with t h e exploi ta t ion of t h e 
possibilities of combinat ion (Complemen ta r i t y of types) . 
The qua l i t a t ive f e a t u r e s , combinat ive abilities, a d a p t a t i o n to va r ious 
condit ions of t h e different b r eeds , genotypes , and crossing construct ion h a v e 
become known through t h e a c t i v i t y and publ ica t ions of m a n y researchers a n d 
pract i t ioners . 
These s tud ies mainly cove red : 
— the p ropens i ty to f a t t e n i n g and the s laughte r va lue ; 
— the fe r t i l i ty and ca l f - rear ing abil i ty; 
— the a d a p t a t i o n to v a r i o u s technological condit ions of each geno type ; 
— the size of popula t ion, t h e method of inseminat ion ( n a t u r a l or ar t i f icial) , 
and t h e seasonali ty of ca lv ing; 
— the mani fes ta t ion a n d e x t e n t of heterosis ; 
— the in te rac t ions of v a r i o u s qual i ta t ive fea tures . 
One of t h e ways of es tabl i sh ing a m a t e r n a l stock is t o produce a m e a t -
purpose popu la t ion based on da i ry stocks. T h e essence of t h i s method elabo-
r a t e d by H o r n and his co l labora tors is, t h a t , under n o r m a l conditions of 
ve te r ina ry hygiene and r ep roduc t ion biology the c o m p l e t e d populat ion of 
female p rogeny is not r e q u i r e d to ma in t a in a dairy s t o c k of defini te size. 
A t the same t i m e great en te rpr i ses and na t i ona l i n t e re s t s are involved in 
increasing t h e mea t -p roduc ing capaci ty of da i ry- type s tocks . Therefore a 
propor t ion of t h e female p o p u l a t i o n in t h e da i ry stock m a y be insemina ted 
wi th the s p e r m of s ingle-purpose beef-cat t le breeds. T h e bu l l s thus o b t a i n e d 
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will show an improved p ropens i ty of f a t t en ing and higher s l augh te r va lue 
while t h e heifers can form t h e basis of a mea t -p roduc t ing f e m a l e line. This 
ma te rna l - s tock , whose rep lacement is ensured b y a popula t ion derived f r o m 
crossing carr ied ou t in the d a i r y - t y p e popula t ions in order to p r o d u c e commer-
cial animals , will t h roughou t i ts life be insemina ted by m e a t - t y p e bulls prod-
ucing an end -p roduc t meeting t h e m a r k e t condi t ions (male l ine) . The heifers 
are m a d e to calve when y o u n g a n d are t h a n s laughtered (preut i l iza t ion of 
heifers) . In t h a t w a y the f a rms specialized for milk p roduc t ion develop t h e 
mea t -p roduc ing m a t e r n a l s tock a n d its r ep lacement as t h o u g h i t were a b y -
p r o d u c t . Thus t h e gene composi t ion of the mea t -p roduc ing f e m a l e line can be 
m a d e s t eady a n d op t imum. F r o m th is point of view it is r e m a r k a b l e t h a t , 
accord ing to genet ic considerat ions and experiences gained so f a r in large 
f a r m s , t h e J e r sey breed plays a h igh ly i m p o r t a n t role in shap ing t h e desirable 
proper t ies of t h e mea t -p roduc ing female l ine. Ea r ly sexual m a t u r i t y , easy 
calving, concen t r a t ed milk p roduc t i on t h a t is less affected b y un favou rab l e 
e n v i r o n m e n t a l condit ions, high fe r t i l i ty , and low requi rements f o r subsistence 
are in pa r t i cu la r those character is t ics in the J e r s e y breed which are of p r i m a r y 
i m p o r t a n c e in t h e mea t -p roduc ing female line. A similarly f a v o u r a b l e crossing 
p a r t n e r is t h e Here fo rd , since i t does no t requi re m u c h care and m a k e s good use 
of ex tens ive grass lands. » 
One of t h e bases of the p r o g r a m m e is t h e m a x i m u m exp lo i t a t ion of t h e 
effects of heterosis in each phase of p roduc t ion . Today the re is hard ly a n y , 
up - to -da t e breed ing p rogramme in beef p roduc t ion t h a t would n o t w a n t to use 
t h e heterosis ef fects ( " type-he te ros i s" , Horn , 1979) for its pu rposes . 
According to some n o t e w o r t h y conclusions drawn f r o m foreign a n d 
H u n g a r i a n invest igat ions , the e f fec t of heterosis appears more expl ic i t ly unde r 
t h e condi t ions of a lower p r o d u c t i o n level. S tudies of crossing beef-cat t le 
b reeds have revealed t h a t b y sys t ema t i c crossing a 2 0 - 2 5 % accumula t ive 
heterosis effect can be achieved. Th i s 2 0 - 2 5 % product ion s u r p l u s represents 
such an a t t r a c t i ve a m o u n t t h a t i t c a n n o t be r e j ec t ed . 
However , t h e heterosis can be fu l ly exploi ted in each phase of p roduc t ion 
only when the whole breeding w o r k is sys temat ica l ly organized. 
The most expedient way of m a k i n g use of t h e heterosis e f fec t is a conti-
nous r ep roduc t ion of the mothe r cow popula t ion b y crossing w i t h a male line 
t h a t sat isf ies t h e cur ren t marke t d e m a n d s . One of the best possibilities is offered 
by using as meat-purpose mother cows'' heifers obtained by crossing milk-cows with 
Hereford- or other small framed beef-cattle with low demands. I n th i s case t h e 
lower p roduc ing individuals of t h e da i ry s tock, no t required fo r t h e l a t t e r ' s 
r ep l acemen t , can be ma ted wi th smal l f r a m e d beef bulls of low d e m a n d , a n d 
t h e resul t ing heifers , as mother cows will all t he i r lives be inseminated with a 
breed of a paternal line with good flesh conformation (Fig. 5). In that way a dairy 
stock of thousand cows can maintain a meat-purpose herd of 600 mother cows 
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whose replacement is a l w a y s produced in the da i ry popula t ion . With preutili-
zation of heifers introduced this number can be raised to over 1500. F u r t h e r 
advan tages of this m e t h o d are t h a t , w i t h the r ight m a l e line chosen, t h e most 
ex t reme f luc tua t ions of t h e marke t can be easily c o u n t e r b a l a n c e d , a n d in the 
case of an occasional depression the beef cat t le s tock can be decreased a t a n y 
t ime ; while in an i m p r o v i n g marke t s i t ua t ion the necessa ry n u m b e r of single-
purpose mea t -p roduc ing cows can b e reproduced a t once. Such a degree 
of a da p t a b i l i t y can a t present be a t t a i n e d by no o the r breeding me thod . 
Single-purpose bee f -ca t t l e p roduc t ion based on da i ry stocks, a me thod 
carried on since 1969 in Hungary , h a s by now b e c o m e a pract ice , which 
s imul taneously of fers t h e possibility of a very wide a n d successful cooperat ion 
among t h e cat t le f a r m s . W i t h the d e v e l o p m e n t of d a i r y stocks t h e in te res t in 
this m e t h o d cont inual ly increases and in t h e f u t u r e i t will cer tainly be t h e most 
widespread method of beef-ca t t le p roduc t ion . F inal ly t h e biotechnical me thods 
now in t h e process of re la izat ion ( e m b r y o t r a n s p l a n t a t i o n , sex de t e rmina t i on , 
etc.) indica te almost bound less perspect ives for t h e f u t u r e . 
In t h e beef-ca t t le b ranch exped ien t technological solutions, low-cost 
keeping fo rms wi thou t buildings, feeding systems b a s e d on by-produc t s (maize 
stalk grazing, p re se rva t ion and s torage of fresh bee t slices), various grass land 
m a n a g e m e n t methods , e t c . have been in t roduced . I m p o r t a n t i n fo rma t ion has 
been ob ta ined concern ing the size of s tock, t h e m e a n s and seasonal i ty of 
inseminta ion and t h e in f luence of o t h e r factors on t h e success of breeding . 
I t can be safely said t h a t i t is no longer a n y lack of knowledge t h a t h inde r s the 
deve lopment and e f f i c iency of beef-ca t t le f a rming in Hungary . Fo r t h e f ac t 
t h a t t h e beef-cat t le b r a n c h as a whole still does n o t develop a t t h e p lanned 
and expec ted ra te , t h e present economic condit ions are par t ly responsible. 
Hungary is an example of how a small sountry can raise its rather outmoded 
cattle branch to an international standard in a relatively short time ; if i ts ob jec t ives 
are clear, i t f inds the b e s t way to achieve them, jo ins t h e in ternat ional ac t iv i ty 
and is no t ashamed of l ea rn ing f rom m o r e expert sources . If the c o u n t r y wan t s 
to progress — and t h e increasing economic compe t i t ion does not allow other 
a l te rna t ives —, i t m u s t proceed in t h i s direction. 
The prospects of cat t le f a rming in H u n g a r y 
As for the d e v e l o p m e n t of t h e H u n g a r i a n c a t t l e branch expec ted unt i l 
t he end of this c e n t u r y Bíró and D o h y (1982) p r e s e n t e d a forecast t h a t was 
discussed between t h e j o i n t Commit tee on Animal H u s b a n d r y of the H u n g a r i a n 
Academy of Sciences a n d t h e Ministry of Agricul ture a n d Food. The predic t ion 
makes t h e following p o i n t s : 
On considering t h e fu r the r possibili t ies and de t e rmin ing the t a sks of the 
cat t le .branch, Reso lu t ion No. 1025, 1972 (a g o v e r n m e n t p rogramme on the 
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deve lopment of ca t t le breeding) remains t h e most reliable bas is . The spe-
cialization of p roduc t ion , along w i th t h e coord ina ted deve lopment of biological 
bases and env i ronmen ta l condi t ions will invar iab ly be t h e f u n d a m e n t a l 
principles. To reach an annua l pe r cap i ta consumpt ion of 270 l i t res of milk 
(and da i ry p roduc t s ) represents a f u r t h e r prospect ive task , as a t present t h e 
coun t ry is f a r below this level (wi th i ts a n n u a l 180-190 litre milk- and da i ry 
p roduc t consumpt ion per head) . As to the s i tua t ion of beef consumpt ion t h e 
present annua l per capi ta beef consumpt ion of approx ima te ly 10 kg is expec ted 
to remain unchanged . Some 5 0 % of the s laughte r cat t le and beef p roduced can 
be expor ted in t h e f u t u r e as well a l though wi th t h e increasingly keen compet i -
t ion for m a r k e t s H u n g a r y mus t improve i ts compet i t ive s t r eng th . This p r ima-
rily requires a reduc t ion of the p r ime cost of expor tab le beef. 
I t m u s t be considered t h a t t h e m a r k e d d e m a n d s on s l augh te r ca t t le a n d 
beef d i f fe ren t ia te as the price ra t ios change (of ten un favou rab ly for H u n g a r y ) . 
Besides ma in t a in ing the t r ad i t i ona l marke t s , o f t en d is tan t ones m u s t be 
acquired and held . For marke t s wi th a sound d e m a n d , the beef m u s t the re fore 
be expor ted in a d e q u a t e qual i ty , choice ad package a t the requ i red t ime , while 
t h e possibilities of improving t h e eff ic iency of product ion m u s t be cont inua l ly 
exploi ted. 
A pro jec t ion for milk- a n d s laguhter ca t t le product ion u p to the yea r 
2000 is seen in Table 9. Now a t t h e c e n t u r y ' s end , some 650,000 cows m a y be 
capable of p roduc ing an a m o u n t of milk represen t ing the equ iva l en t of 270 
l i tres per cap i t a . I n the case of a lower consumpt ion of milk a n d a i ry p roduc t s 
( regre t t ab ly due t o the un favourab le demograph ic condit ions a n d prospects of 
t h e count ry) 600,000 cows specialized for milk product ion will be suff ic ient t o 
supp ly the necessary a m o u n t of milk (even enabl ing occasional expor ts ) , 
whe reby t h e mea t -purpose s tock can be increased. Nearly 6 5 % of the t o t a l 
s laughter ca t t le product ion will come f r o m t h e da i ry type s tock , a long wi th a 
considerable extens ion of the mea t -o r i en ted specialization. 
Since a cont inual ly increasing p ropor t ion of milk is processed and t h e 
costs of milking as well as of milk t r a n s p o r t a t i o n and -processing are rising, i t is 
expec ted t h a t in cer ta in regions of t h e c o u n t r y t h e so-called indus t r i a l milk will 
be p roduced on a larger scale. This calls for an economical p roduc t ion of milk 
w i th higher b u t t e r f a t - and pro te in con t en t , which b a n be achieved t h r o u g h t h e 
sys temat ic work of crossing t h e Hols te in - type cow popula t ion wi th Dan i sh 
J e r s e y bulls. This p rogramme can be con t inued wi th the H u n g a r o f r i z breed 
regis tered in 1984. The combina t ion of t h e Holste in type- a n d the J e r sey 
popu la t ion m a y lead b y the end of t h e c e n t r u y to 200,000 crossbred cows, w i t h 
a b o u t 5000 kg milk- , 4 .5% b u t t e r f a t - and 3 . 6 5 % prote in p roduc t ion a year on 
t h e average. This s tock can a t t h e same t ime be character ized b y a m o d e r a t e 
concen t ra t e consumpt ion a n d o p t i m u m rough- and mass fodde r ut i l i -
za t ion . 
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Table 9 
Production projection for milk and slaughter cattle 
Type of the cow 
Unit of measure 
Year 
stock and product 
1990 1995 2000 
Dairy type 
Milk 
per cow 
total 
1000 cows 
litre 
million litre 
510 
5200 
2652 
540 
5600 
3024 
565 
6000 
3390 
Slaughter cattle 
per cow 
total 
kg 
1000 t 
420 
214 
420 
227 
420 
237 
Double purpose 
Milk 
per cow 
total 
1000 cows 
litre 
million litre 
140 
3700 
518 
110 
3900 
429 
85 
4000 
340 
Slaughter cattle 
per cow 
total 
kg 
1000 t 
420 
59 
420 
46 
420 
36 
Meat type 
Slaughter cattle 
per cow 
total 
1000 cows 
kg 
1000 t 
135 
450 
61 
180 
450 
81 
230 
450 
103 
Cow stock grand to ta l 
Milk grand total 
Slaughter cattle grand total 
1000 cows 
million litre 
1000 t 
785 
3170 
334 
830 
3453 
354 
880 
3730 
376 
The double- (mi lk -mea t ) purpose s tock is expec ted to decrease f u r t h e r , 
and the n u m b e r of cows of this type will ha rd ly reach 100,000 (par t ly regarded 
as a " n u c l e u s " p o p u l a t i o n reasonably used to b r ing fo r th a beef -producing 
male line). 
The ca t t le s tock of t h e small p roduce r sector in teg ra ted b y t h e socialist 
large f a r m s will be f u r t h e r reduced, y e t in t h e long r u n i t will represent impor-
t an t reserves. 
In t h e work of b reed ing and improv ing the da i ry t y p e stock, the Holste in-
Friesian breed will r e m a i n of decisive i m p o r t a n c e ; i ts gene basis m u s t be m a d e 
available for the b reed ing p rogramme b y t h e con t inued product ion a n d i m p o r t 
of bo th spe rm f r o m bul l s of high b reed ing value a n d deep-frozen embryos 
derived f r o m " s u p e r m a t i n g " . Also an ac t ive pa r t i c ipa t ion in the in t e rna t iona l 
breeding cooperat ion can in the f u t u r e be an i m p o r t a n t fac tor in t h e develop-
ment of ca t t l e f a rming in Hungary . 
W i t h t h e goal of r ende r ing the meta -o r ien ted specialization more effect ive 
and economical , a b reed ing- and p roduc t i on coopera t ion between t h e " p r o -
duction sy s t ems" m u s t be main ta ined , as well as t h e es tabl i shment of widely 
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p r o p a g a t e d m e a t - p u r p o s e " m o t h e r c o w " s t o c k s t h r o u g h a s y s t e m a t i c c r o s s i n g 
o f d a i r y - a n d m e a t t y p e p o p u l a t i o n s . F o r t h i s p u r p o s e t h e d o m e s t i c b r e e d i n g 
b a s e s m o s t l y a r e a v a i l a b e , o r c a n b e e s t a b l i s h e d w i t h t h e d e v e l o p m e n t of a n 
i n t e r n a t i o n a l c o o p e r a t i o n ( " n u c l e u s " s t o c k s o f s p e c i a l b e e f - b r e e d s : C h a r l a i s , 
L i m o u s i n , H e r e f o r d , e t c . ) . 
I n l a r g e - s c a l e f a r m s - a n d e v e n m o r e so i n t h e f r a m e w o r k of t h e i r h o r i -
z o n t a l a n d v e r t i c a l i n t e g r a t i o n — m i l k — a n d m e a t o r i e n t e d s p e c i a l i z a t i o n c a n 
b e so b a s e d o n o n e a n o t h e r t h a t b e e f - a n d m i l k p r o d u c t i o n c a n b e e c o n o m i c a l l y 
d e v e l o p e d b y m a k i n g o p t i m u m u s e of t h e e c o l o g i c a l a n d e c o n o m i c c o n d i t i o n s . 
F o r t h e f u t u r e of c a t t l e b r e e d i n g in H u n g a r y t h e q u e s t i o n of h o w r a t i o n -
a l l y t h e a c h i e v e m e n t s o f , b i o t e c h n o l o g y a n d e l e c t r o n i c s w i l l b e a d a p t e d , m a y 
b e c o m e t h e c r u c i a l e l e m e n t i n r a i s i n g t h e e f f i c i e n c y of b r e e d i n g w o r k t o a s t i l l 
h i g h e r l eve l . 
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BENEFICIAL EFFECT OF TECHNOLOGY ON 
NATURAL RESOURCES IN FIELD CROP 
PRODUCTION* 
M . H A J D Ú 
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A social demand of our t imes on agriculture is to produce increasing volumes on 
a decreasing productive area. 
This can be achieved where 
— production is based on varieties of higher yield potential, and the technological 
elements tha t ensure t he reliability of yield are applied on a high level, and 
— the technology increases the natural resources. 
The beneficial effect of technology on the natural resources can be planned 
when the relationship between technological elements and fertili ty are known. 
Keywords: soil fertil i ty, basis of yield, determination of yield, reliability of 
yield, natural resources 
Introduction 
Between 1950 and 1980 t h e agricul tural a rea declined f r o m 7,375,500 h a 
t o 6,601,200 h a a n d the a rab le area f rom 5,518,100 h a t o 4,734,700 ha in 
H u n g a r y ; t h a t is, b y 774,300, a n d 783,400 h a , respect ively. H u n g a r y belongs 
t h u s t o those countr ies where t h e agr icul tural area decreases in an absolu te 
sense. The wor ldwide agr icu l tura l area per cap i t a becomes cont inuously less 
a n d less. 
Parallel w i t h t h e reduc t ion of the agr icu l tura l are the d e m a n d in H u n g a r y 
grew f rom 5.5 mill ion tons in 1950 to 16 million tons for gra ins crops, f r o m 
1.6 to 5 million t o n s for sugar -bee t and f r o m 0.19 to 0.8 mill ion tons for oil-
seeds (Fig. 1). T h e yield of gra in crops on a world scale increased by 1982 t o 
1,695,000 tons compared to 690.9 million tons in 1948-1952, while 
— the sowing a rea only grew t o 734,897 f r o m 610,500 h a , a n d 
— in grain c rop product ion per capi ta t h e progress on a world scale d imin-
ished. 
* Lecture on the Scientific Days of Gödöllő, 1 -3 February 1986. 
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Fig. 1. Trends of the agriculturally useful area and the volume of produces 
Effectiveness of precipitation as a function of technology 
One of t he decisive f ac to r s of t h e yie ld average is t h e wa te r t h a t agri-
cu l tu re requ i res p r imar i ly t h r o u g h p rec ip i t a t i on in m o s t areas of t h e wor ld . 
T h e a m o u n t of p rec ip i t a t ion — t h o u g h v a r y i n g a n n u a l l y — f l u c t u a t e s a round 
a de f in i t e va lue . I t is t h e r e f o r e i m p o r t a n t t o know h o w m u c h t h e ava i lab le 
w a t e r de t e rmines the yie ld increase. 
I t h a s been p roved t h a t the t r a n s p i r a t i o n coef f ic ien t , a f a c t o r k n o w n 
f r o m t h e l i t e r a tu re , can be use fu l in a n s w e r i n g the above ques t ion if i t s v a l u e is 
cons idered as a func t ion of soil f e r t i l i ty a n d size of y ie ld . 
G y o r f f y (1983) i n d i c a t e d the i m p o r t a n c e of s t u d y i n g the yield ave rage 
per 100 m m prec ip i ta t ion w i t h maize . W e accordingly e x a m i n e d t h e t r e n d of 
t h e ave rage yield of w h e a t pe r 100 m m prec ip i t a t ion b e t w e e n 1950 a n d 1980 — 
in re la t ion t o t he above m e n t i o n e d d y n a m i c growth (Table 1). We f o u n d t h a t 
— b e t w e e n 1951 a n d 1955 i ts v a l u e was 199-583 kg in the 4 coun t r i e s 
e x a m i n e d , while 
— in 1980 it r anged f r o m 338 to 710 kg , 
— t h a t is, in 30 years a 5 8 - 5 1 1 kg increase of va lue w a s shown. 
T h e average w h e a t y ie ld per 100 m m prec ip i ta t ion increased f r o m 291 to 
707 kg in F r a n c e , and f r o m 199 t o 710 kg in H u n g a r y . Of t h e count r ies e x a m -
ined these t w o showed t h e m o s t impress ive change. T h e change was smal le r in 
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Table 1 
Yield of wheal per 100 mm precipitation (kg)* 
Year France Denmark Italy Hungary 
1951-1955 291 583 240 199 
1956-1960 273 580 206 267 
1961-1965 399 657 242 308 
1966-1970 447 634 291 394 
1971 554 899 368 668 
1972 567 827 288 508 
1973 726 777 347 869 
1974 584 824 366 572 
1975 535 1156 357 615 
1976 532 916 279 579 
1977 466 657 327 732 
1978 676 686 302 717 
1979 542 596 303 575 
1980 707 641 338 710 
* Calculations by dr. M. Ha jdu . 
Italy and Denmark, although its extent significantly differed for the two 
countries. 
These data clearly show that the complex effect of precipitation depends 
rather more on the level of production and technology t h a n on the regional 
characteristics. 
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Fig. 2. Average wheat yield per 100 mm precipitation and fertilizer utilization 
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In H u n g a r y , for example , the yield average per 100 m m prec ip i ta t ion 
shows a close correla t ion (Fig. 2) wi th the N P K active a g e n t applied (r = 0.97, 
y = 113.14—(0.588 • *)) . 
T h a t is t o say, the effect of prec ip i ta t ion as one of t h e most i m p o r t a n t 
na tu ra l resources can he quan t i f i ed . The r a t i o of yield ave rage per 100 m m 
precipi ta t ion be tween two da t e s shows t h e relat ive c h a n g e in the e f fec t of 
precipi ta t ion. Fo r example , precipi ta t ion in H u n g a r y w a s 3 1/2 t imes m o r e 
effective in 1980 t h a n in 1950. 
I m p r o v e m e n t in t h e effect iveness of prec ip i ta t ion becomes pa r t i cu l a r ly 
obvious wi th an increase in t h e q u a n t i t y of N P K ac t ive agent per u n i t of 
arable a rea ; name ly , t h e yield surplus of w h e a t per 100 m m precipi ta t ion is 
— 100 kg/ha wi th 100 kg /ha N P K act ive agen t , 
— 250-300 kg /ha wi th 200 kg/ha N P K ac t ive agent , a n d 
— 500 kg/ha wi th 300 kg /ha N P K act ive agen t used. 
This indica tes at t h e s a m e t ime the g radua l ly increasing role of t echno logy 
under the condi t ions of in tens ive product ion a n d a re la t ive modificat ion in t h e 
role of the n a t u r a l fac tors . This s t a t e m e n t was con f i rmed by a corre la t ion 
examina t ion pe r fo rmed for t h e period b e t w e e n 1970 and 1980 which revea led a 
r = 0.59 correla t ion be tween t h e yield average of winter w h e a t and the a m o u n t 
of prec ip i ta t ion (Fig. 3). t h a t is, the correla t ion became less close c o m p a r e d to 
the earlier l i t e ra ry da t a . 
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Fig. 3. Relationship between yield average and precipitation 
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The role of soil factors in connection with the technology 
O n evalua t ing t h e role of t h e soil fac tor we accep ted the p r e s e n t system 
of in i t ia l ly grouping t h e soils b y gold crown value. T h a t is, to charac te r ize the 
f e r t i l i t y of a soil we t o o k its gold c rown value fo r a basis. (This na tu ra l ly 
covers v a r i o u s soil t ypes . ) On this bas i s we examined t h e correlation of t h e yield 
averages of wheat , ma ize , sunf lower t o t h e fer t i l i ty of soil (Fig. 4). W e found 
t h a t t h e correlation b e t w e e n the soil fer t i l i ty and t h e yield ave rages of the 
m e n t i o n e d crops was ex t r eme ly close, more so t h a n be tween the prec ip i ta t ion 
and t h e y ie ld average. 
T h u s , under i n t ens ive m a n a g e m e n t conditions t h e role of t h e soil factor 
increases. 
S te fanov i t s (1981) makes a d i s t inc t ion between t h e basic a n d t h e actual 
fe r t i l i ty of t h e soil. T h e basic fer t i l i ty pract ical ly ind ica tes the level of a tech-
nology b a s e d on h a n d - and d r a u g h t - p o w e r using mater ia l s of agr icu l tura l 
origin. However , wi th a knowledge of t h e basic and a c t u a l fer t i l i ty , t h e ques-
tions c a n be answered of how and t o w h a t extent t h e fer t i l i ty of soil changes 
during a n y given per iod . I n H u n g a r y t h e product ion level of the 1930s can be 
considered suitable for charac ter iz ing t h e basic fe r t i l i ty of its soil. Accordingly, 
by t h e 1980s the fe r t i l i ty of soil — w h e n measured w i t h cereals — grew more 
t han t h r ee fo ld . 
—The fert i l i ty of soil changes as a funct ion of t h e technology applied. 
Û ~~§ ~Î3 Î7 22 27 S - 37 
"Gold crown" value 
Fig. 4. Trend of yield average as a function of natural resources 
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Role of the factors of technology 
Technology in f ield crop produc t ion consis ts of 4 f a c t o r s : biological, 
agrochemical , t echn ica l and h u m a n resources. T h e role of t h e s e groups of 
resources differs in shaping t h e yie ld . In most y ie ld analyses t h e role of t h e 
resources is expressed in a pe rcen tage with t h a t of t h e yield a n d yieldsurplus 
t a k e n for 100. 
According to Schuster (1970) breeding has a n average sha re of 4 5 % in 
increasing the yie ld . Bunnies (1973) at taches lower impor tance t o the role of 
changing the v a r i e t y (weighted average : 38%) . K a p á s (1978) expresses t h e 
opinion t h a t t h e change of v a r i e t y in wheat a n d maize is responsible for 3 0 % 
of t h e increase in yield average . According to Bal la (1986), u n d e r intensive 
technological condi t ions , the role of var ie ty in increasing t h e p roduc t iv i ty 
r ises; in the case of w h e a t it is a b o u t 4 8 % . 
The role of t h e agrotechnica l factors can also be q u a n t i f i e d . Győrf fy 
(1983) gave an e x a m p l e of this w h e n analysing t h e fac tors of ma ize cul t ivat ion. 
J o l á n k a i et al. (1986) found t h e yield-increasing effect of t h e agrotechnical 
f ac to r s in whea t p roduc t ion to be 6 .2-49 .6%. Howeve r , in te rac t ions between 
t h e fac tors mod i fy these values . H a j d ú (1985) po in t ed out a n effect ranging 
be tween 11% and 4 6 % in p o t a t o product ion . 
Today the role of technology in shaping t h e y ie ld should — in our opinion 
— be approached in a di f ferent w a y . 
The new a p p r o a c h s tar t s f r o m t h e assumpt ion t h a t the factors of technology 
c a n be placed in t h r e e groups: f a c to r s forming the basis of yield, factors deter-
mining the yield a n d those increasing the reliability of yield ( H a j d ú 1986). 
The basis of t h e yield is p r o v i d e d by the biological resources: the produc-
t ion potent ia l of t h e va r i e ty of h y b r i d , the t ime of sowing, a n d t h e number of 
p l a n t s per uni t a rea . T h e y give t h e potent ia l f r a m e w o r k of the a t t a inab le yield 
a n d hence they are called the f a c t o r t h a t forms t h e basis of y ie ld . 
Resources determining the yield are the n u t r i e n t r ep l acemen t and t h e 
i r r igat ion, since t h e yield average actually a t t a i n e d depends on how m u c h 
n u t r i e n t and w a t e r (possible m i n i m u m factors) a re available compared to t h e 
po ten t i a l p r o d u c t i v i t y of the v a r i e t y (or h y b r i d ) , and to w h a t extent t h e 
d e m a n d for t h e m can be sa t is f ied . 
Since the a c t u a l yield ave rage is also a f u n c t i o n of soil f e r t i l i ty , and in t h e 
case of soils of d i f f e ren t fer t i l i ty t h e yield t h a t ensures m a x i m u m income can be 
a t t a i n e d with d i f f e ren t ra tes a n d ra t ios of fer t i l iza t ion, it is necessa ry to deter-
mine the yield level for a v a r i e t y (or hybrid) w i t h t h e na tu r a l resources t a k e n 
i n t o considerat ion. 
Factors acting on yield reliability are p l an t pro tec t ion , p l a n t tending, a n d 
harves t ing . The costs of these technological e l emen t s should be regarded as an 
in tegra l par t of t h e technology, a n d the technological level and costs indespens-
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able for the re l iabi l i ty of yield a r e reasonably d e t e r m i n e d as a f u n c t i o n of 
yield average and income . 
T h e role of technological e l emen t s is m a n y - s i d e d ; e.g. soil cul t iva t ion 
t h r o u g h i ts direct a n d indirect ef fect b o t h de termines t h e yield a n d ensures i ts 
re l iabi l i ty . 
Planning the effect of technology on the natural resources 
W h e n planning t h e technology so as to increase t h e na tura l resources we 
m u s t s t a r t f rom t h e in te rac t ion of technology and y ie ld average. 
W i t h the e x t e n t of a known genet ic progress, t h e level of t h e produc t ion 
po ten t i a l of a va r i e ty or hybr id can b e predicted, o r in the correlat ion system 
of v a r i e t y — seed p ropaga t i on — v a r i e t y trial — b reed in g (Fig. 5) 3—5, 5-12, 
12 -15 -20 years can be forecast . 
According to K a p á s the increase of annua l ave rage yield differences, 
compared to B á n k u t i 1201, is 60 kg. T h a t is, on the bas i s of the gene t i c progress 
7 - 8 t / h a nat ional ave rage wheat yie ld can be e x p e c t e d by t h e y e a r 2000. 
Fig. 5 
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I n the H u n g a r i a n agr icul ture the t u r n o v e r of var ie ty is dynamical . 
T h e average l i fe t ime of wheat va r i e t i e s commercia l ly produced in 1980 is 5.3 
yea r s , t h a t of maize hybrids 3.72 y e a r s (it is 5.3 fo r sunflower, 6 .0 for sugar-
bee t a n d 14.07 for alfalfa) . 
Thus , f r o m t h e s tandpoint of breeding i t c a n be pract ica l ly established 
t h a t t h e wheat var ie t i es possibly cu l t iva ted a t t h e end of t h e cen tu ry will 
possess a p roduc t ion potential of 10—14 t /ha. 
T h e signalling system of p r o d u c t i v i t y increase is thus e n s u r e d for t h e 
f u t u r e . 
The quest ion is wha t can be expec ted f r o m those resources of technology 
w h i c h determine t h e yield and r e s u l t in yield re l iabi l i ty . 
A s tudy of t h e process of fertilizer p roduc t ion - t r ade -deve lopment -
- research (Fig. 5) calls a t tent ion t o t h e following f ac t s : 
— on improving t h e fertilizer p r o d u c t i o n the d e m a n d s of p l a n t a n d soil mus t 
be increasingly t aken into cons idera t ion a n d a greater h a r m o n y created 
between fer t i l izers and fe r t i l i zer d is t r ibutors , so as to e n s u r e a uniform 
dis t r ibut ion, 
— reducing t h e a m o u n t of n u t r i e n t s required fo r producing 1 k g dry ma t t e r 
is one of t h e object ives of b r eed ing . While t h e r e are results in th i s field, no 
spectacular change can be expec t ed un t i l t h e end of t h e cen tu ry . The 
present p r o d u c t i o n level in w h e a t has been a t t a ined with 300 kg/ha N P K 
active agen t which increased t h e fert i l i ty of soils by 4 1 6 % . However , for 
a 8 -10 t /ha n a t i o n a l yield a v e r a g e an N P K act ive agent s u p p l y of abou t 
450-500 kg is necessary on a na t iona l scale, 
— t h e choice of fertilizer m u s t b e modif ied; o n t h e one h a n d t h e proport ion 
of ni t rogen ferti l izers mus t b e increased, on t h e other h a n d t h e t rade of 
fertilizers of physiologically n e u t r a l p H - v a l u e has to be p r o m o t e d and 
new forms of fertilizer w i th n e w character is t ics m a n u f a c t u r e d . By these 
means l each ing can be l essened , the d e m a n d of in p l a n t during the 
vegeta t ion pe r iod more u n i f o r m l y fulf i l led, unava i lab i l i ty of chemical 
bonds dec reased and even a n amel iora t ive ef fec t achieved, 
— organic- a n d inorganic fe r t i l i za t ion m u s t b e considered in in teract ion, 
and the use of biofertilizers increased in p ropor t ion to t h e increase in t h e 
a m o u n t of inorganic fer t i l izers . Greater a t t e n t i o n should b e paid to the 
appl icat ion of by-products i n improving t h e ferti l i ty of soil . With t h e 
process of pesticide p r o d u c t i o n , - t rade , -development a n d -research 
known (Fig. 5) t h e rel iabi l i ty of yield can b e planned. 
This process is in some ways m o r e f avourab le , b u t in o thers less favourable 
t h a n t h e fer t i l izer-chain which n o w determines t h e yield. I t is m o r e favourable 
in t h e sense t h a t t h e choice of pes t i c ide is r e l a t ive ly wider, t h e research work 
a n d e x p e r i m e n t a t i o n with n e w protec t ive subs tances is m o r e advanced. 
H o w e v e r , it is less favourable in t h a t , for t h e use of the ex i s t ing up- to-date 
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mater ia ls up - to -da te e q u i p m e n t is not a l w a y s available; t he re exists a f u n d a -
menta l inconsis tency be tween these t w o e lements . 
According to Békési (1986) only a t h i r d of the pest ic ides used t o d a y is 
really ef fect ive , another t h i r d is super f luous ly applied, while the r e m a i n d e r 
loses in ef fect owing to t h e ou tmoded s y s t e m of i n s t r u m e n t s . 
References 
Balla, L., Bedő, Z., Láng, L., Szilágyi, Gy. (1986): Genetikai haladás a búzanemesítésben (Gene-
tic progress in wheat breeding). Jövedelmezőbb Búzatermesztés Szeminárium, MÉVTI, 
Budapest 
Békési, A. (1986): Kémiai növényvédelem szerepe a vetőmagtermesztésben (Role of chemical plant 
protection in seed production). MEVTI Budapest . 
Bunnies, H. (1980): Getreideproduktion. Agrarmarkt-Studien aus dem Insti tut für Agrarpoli t ik 
und Marktlehre der Universi tät Kiel. H a m b u r g und Berlin, Verlag Paul Parey 
Győrffy, B. (1983): Kukoricatermesztés tényezői (Factors of maize production). MÉVTI Buda-
pest 
Hajdú, M. (1985): Néhány agrotechnikai tényező ha tása a nagyüzemi burgonyatermesztésben 
(Effect of some agrotechnical factors in large-scale potato production). Burgonyater-
mesztés 3, Szentlőrinc 
Hajdú, M. (1986): A technológia fejlesztésének tendenciái a lucernatermesztésben 1950-1980 közölt 
(Tendencies of technological development in alfalfa production between 1950 and 1980). 
MAE Nemzetközi Szeminárium, Budapest 
Hajdú, H. (1986): A technológia fejlesztésének tervezhetősége a szántóföldi növénytermesztésben 
(Possibility of planning the development of technology in field crop product ion) . 
MÉVTI Budapest . 
Jolánkai, M., Lőwei, I., Barla-Szabó, G. (1986): A genetikai termőképesség realizálását elősegítő 
agrotechnika kidolgozása (Cultural practices promoting the realization of t he genetic 
production potential). Jövedelmezőbb Búzatermesztés, MÉVTI , Budapest 
Kapás, S. (1978): A fajtaváltás hatékonysága (Efficiency of changing the variety). Akadémiai 
Kiadó, Budapest 
Stefanovits, P. (1981): Talajtan (Soil science). Mezőgazdasági Kiadó, Budapest 
Schuster, W. (1970): Vertiefte Auswertung von langjährige Landessortenversuchen I I . Die 
Ertragssteigerungen und die Verbesserung von Sorten in den letzten 20 Jah ren . Land-
wirtschaftliche Forschung. 23, Frankfurt a. M. 
13* Acta Agronomica Hung. 37, 1988 

Acta Agronomica Hungarica 37 (3-4), pp. 387— 392 (1988) 
ECONOMIC EFFICIENCY OF DAIRY POPULATIONS 
AS JUDGED BY SECONDARY PARAMETERS 
AND RELATIVE LIFE PERFORMANCE* 
L . S Z A J K Ó 
U N I V E R S I T Y O F A G R I C U L T U R A L SCIENCES, M O S O N M A G Y A R Ó V Á R , H U N G A R Y 
(Received 10 April 1986) 
* 
Introduction 
A superf icial observat ion of t h e tendencies observed in prac t ice m a y 
suggest t h a t the specif ic milk p roduc t ion alone should be increased . In most 
cases considerat ion is given exclusively to the l ac t a t i on product ion of individual 
cows or t o the average lac ta t ion produc t ion of va r ious popu la t ions (breeds, 
genotypes) , t hough th i s does no t give a suff ic ient ly good reflect ion of economic 
ef f ic iency. 
Da i ry f a rms are faced wi th t h e product ion costs of the cow, subsistence 
feeding according to b o d y mass and opera t ional costs , so the q u a n t i t y of milk 
produced per cow would appear t o be of decisive impor tance . 
The p roduc t iv i t y of popula t ions cannot be j u d g e d by the specif ic milk 
p roduc t ion alone, since in pract ice secondary p a r a m e t e r s of ten in f luence the 
economic eff iciency t o a considerable ex ten t . Th i s is par t icu lar ly t r u e of the 
long- te rm per fo rmance , which depends on the n u m b e r of calves, t h e prol if icacy 
and a good cons t i tu t ion . 
In leading mi lk-producing count r ies an increase in t h e specif ic milk 
p roduc t ion was accompanied b y a s h a r p reduc t ion in the n u m b e r of cows 
milked. Over a t w e n t y - y e a r period t h e individual mi lk product ion of a number 
of breeds rose f r o m 3500 to more t h a n 5000 kg, while the n u m b e r of cows 
milked decreased b y 4 0 % . 
Concern for t h e q u a n t i t y of f i na l p roduc t a lone may be mis leading and 
m a y have the consequence t h a t , when eva lua t ing breeds , popu la t ions or even 
da i ry stocks, only t h e q u a n t i t y of mi lk is t aken in to account . 
Rela t ive milk produc t ion has long been accep ted as a s t a n d a r d of value; 
Brody a n d Ragsdale ( indirect re fe rence : Horn 1976) e laborated a p roduc t iv i t y 
coeff icient which m a d e it possible t o j udge the mi lk ing capaci ty b y t ak ing the 
live mass of the cows in to considerat ion. 
D u n a y and D o h y (1961) e l abora ted a re la t ive milk p roduc t i on index 
which took the l ac ta t ion yield, expressed in t e r m s of 4 % b u t t e r f a t , and the 
* Lecture held at the 36th EAAP meeting 1 October 1985, Thessaloniki, Greece. 
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square of the chest c i rcumference i n t o account ; on th i s basis it was f o u n d tha t 
the mos t product ive cows had an i n d e x value of 1300 kg; the v a l u e for good 
cows was 1000-1300 k g and for m e d i u m ones 800-1000 kg. 
I n order to c o m p a r e the period of use with t h e life durat ion D o h y (1961) 
e l abora ted a " r e l a t ive life pe r fo rmance index" . H e demons t r a t ed t h e appli-
cabi l i ty of the index b y means of mode l calculat ions and suggested i ts use in 
eva lua t ing sows ra is ing bull calves. 
F o r the economic evaluat ion a n d comparison of breeds a n d genotypes , 
Sza jkó (1984) e l abora ted a new index . 
Aim of the investigation 
There is a need fo r an index g iv ing in fo rmat ion on the c a p a c i t y of in-
dividuals , breeds or popu la t ions and on pe r fo rmance as related t o t h e whole 
useful l i fet ime, t h u s also providing a n d indication of t h e p ro f i t ab i l i t y of milk 
p roduc t ion . 
T h e index should include the life per formance , expressed in t e r m s of milk 
wi th t h e same concen t ra t ion , the d a t e of f i rs t b reeding , the calving in t e rva l and 
the b o d y mass on t h e basis of wh ich the FCM mi lk quan t i t y r e l a t ed to a 
cer ta in live mass a n d one day of life can be de t e rmined for each cow. 
An examina t ion m u s t be m a d e of the s e c o n d a r y selection pa r ame te r s 
t h a t ensure the evenness of the p roduc t i on process w h e n milk is p r o d u c e d on an 
indus t r i a l scale. 
« 
Material and methods 
When elaborating t he index it is necessary to examine the factors t h a t act on the 
economicalness of production. The mathematical method used should make it possible to 
assess the milking capacity and the economic efficiency on the basis of the da ta usually avail-
able. 
The study relied on the available international and Hungarian data on breeds and 
populations. Individual and population production results were compared by model calcula-
tions with the aid of t he index presented below, and indices were elaborated for registered 
breeds and Hungarian crosses. 
Results and evaluation 
T h e product ion re la t ive to the whole useful l i fe t ime gives a t r u e picture of 
the capaci t ies of an ind iv idua l (or popula t ion) . The following index calculat ion 
is suggested for this case : 
Relative L i fe pe r fo rmance B o d y mass i n d e x ( R L B I ) = 
Life p e r f o r m a n c e FCM 
d a y s of life 
kg • 100) : ave rage body mass kg 
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On t h e basis of t h e fo rmula , milk p roduc t ion (in FCM) per one d a y of life 
can be easily calculated and even alone gives a good ind ica t ion of the economic 
e f f ic ieny of pe r fo rmance . The f i r s t quo t i en t obta ined f r o m t h e formula conta ins 
the benef ic ia l or de t r imen ta l inf luence of t h e early or l a te beginning of breeding, 
and of n a r r o w or wide calving in te rva ls . 
Th i s index is also an a d v a n t a g e because the p roduc t ion result per one day 
of life is a much b e t t e r index t h a n t h e milking result or t h e daily m a x i m u m or 
l ac t a t i on p roduc t ion . Calculations can be made for t h e period of u t i l iza t ion 
ins tead of per day of life b u t the index t h u s obta ined gives less indicat ion of the 
economic efficiency. 
If t h e milking resul t per d a y of life is mult ipl ied b y 100 and d iv ided by 
the kg b o d y mass t h e kg q u a n t i t y of milk produced per 100 kg live we igh t per 
one d a y of life is ob ta ined . The resul ts de ter iora te f rom t h e higher t o t h e lower 
n u m b e r s . These d a t a are no t re la t ive n u m b e r s , bu t ac tua l values. 
T h e calculat ion of the relat ive life pe r fo rmance b o d y mass index is f i rs t 
i l lus t ra ted on the basis of d a t a for model cows. 
Cow "A" : life pe r fo rmance : 37,000 kg FCM milk; age w h e n discarded ( a t the 
end of t h e last l ac ta t ion) : 11 years and 2 m o n t h s (4075 days) ; 
average live mass calculated f r o m da t a recorded annua l ly : 715 kg 
37,000 
R L B I == ^ = 9.0797 milking resul t per one d a y of life (kg FCM) 
9.0797 • 100 = 907.97 : 715 = 1.27, FCM milk kg p roduced per one d a y of life 
and 100 kg live mass. 
Cow " B " : life pe r fo rmance : 76,200 kg FCM milk; age a t t h e end of p roduc-
t ion: 10 years and 4 m o n t h s (3770 days); 
average live weight : 675 kg 
76,200 
R L B I = = 20.212 milking resul t per one d a y of life (kg FCM) 
3,770 
2,212 • 100 = 2021.2 : 675 = 2.99 kg FCM milk p roduced per one d a y of life 
and 100 kg live mass . 
T h e milking resul t per day of life can be compared t o the re levan t daily 
costs of t h e f a rm. Life pe r fo rmance and live mass have a noticeable e f fec t on 
economic eff iciency. 
T h e relat ive life pe r fo rmance b o d y mass index ( R L B I ) shows t h e com-
bined ef fec t of m a n y character is t ics , inc luding the r ep roduc t ive capac i ty and 
the m u t u a l compensa t ion of the q u a n t i t y and b u t t e r f a t percentage of the 
milk p roduc t ion . Owing to the mul t i fac to r ia l charac te r of milk p roduc t i on , 
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t h e index p rov ides in fo rmat ion on totalled resu l t s and economic eff ic iency. 
T h e calculation c a n be used t o compare b reeds or genotypes , as seen in t h e 
fo l lowing examples : 
Genotype "A": — average mi lk product ion (FCM) 4100 kg ; 
— average n u m b e r of 305-day lac ta t ion per iods 2.7 (824 days ) ; 
— life p e r f o r m a n c e 2 . 7 x 4 1 0 0 = 11.070 kg FCM milk 
— age at f i r s t ca lving 29 m o n t h s (870 days) 
— average c a l v i n g interval 405 days 
— average l ive mass 680 kg 
Calculation of the age: c a lv ing age in d a y s + [(number of lacta t ions* —1) 
a v e r a g e calving in te rva l ] + l a s t lactat ion in days . In t h e above example 
t h e age is thus 8 7 0 + ( 2 x 4 0 5 ) + 213 = 1893 days . 
11,070 
R L B I = = 5.84 q u a n t i t y of milk pe r d a y of life (FCM milk kg) 
1893 
5 .84 X 100 = 584 : 600 = 0.86 k g FCM milk (100 kg live m a s s / d a y of life 
Genotype "B" : — average mi lk product ion (FCM) 4100 kg 
— average n u m b e r of 365 d a y lac ta t ion per iods 4.8 = 1464 
days 
— life pe r fo rmance 19,630 k g FCM milk 
— age on f i r s t calving 26 m o n t h s = 780 days 
— calving i n t e r v a l 380 days 
— average l ive mass 440 kg 
A g e 780 + (4 X 380) + 244 = 2544 days 
19,680 
R L B I = ' = 7.74 (FCM) milk kg pe r d a y of life 
2^3 4 4 
7 .74 X 100 = 774 : 440 = 1.76 k g FCM milk/100 kg live mass /day of life 
If the r e l a t i v e life pe r fo rmance -body m a s s index is n o t calculated t h e 
iden t ica l l ac ta t ion milk p r o d u c t i o n s of the t w o genotypes cover up the grea t 
d i f ference in p r o d u c t i v i t y . T h e milk p roduc t ions per d a y of life, 5.84 kg for 
g e n o t y p e " A " a n d 7.74 kg for genotype " B " show a to t a l ly di f ferent p ic tu re 
t h a n when the l a c t a t i o i esul ts a re compared . 
The d i f fe rence is still g r e a t e r when t h e f ina l f igures of t h e R L B I are 
considered: the q u a n t i t y of F C M milk produced per 100 kg live mass for one d a y 
of l i fe is 0.86 kg f o r genotype " A " and 1.76 k g fo r genotype " B " . 
* The number of lactation is rounded up (thus 3 — 1 = 2 ) . 
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High R L B I va lues are a t t a i n e d b y herds w i th good rep roduc t ive capac i ty , 
w h e r e selection on t h e basis of qua l i t a t ive f ea tu r e s can be carr ied ou t in the 
f ema le s as well. 
The index (I) gives a complex expression of the life pe r fo rmance (L) 
r e l a t ive (R) to t h e b o d y mass (B) . 
Table 1 summar izes the pe r fo rmances of d i f fe rent breeds as expressed by 
t h e R L B index, f o r a varying n u m b e r of l ac t a t ions , i.e. for d i f fe ren t useful 
l i fe t imes , on the basis of averaged i n t e rna t i ona l da ta ob t a ined f r o m m a n y 
places . 
Table 1 
Evaluation of breeds on the basis of RLBI values (Relative performance per day of life per 100 kg 
live mass) (On the basis of international data averaged our many years) 
Breed 
Age at 
first calving 
months days 
Calving 
inter-
val , 
days 
European Black 2 7 8 1 0 4 0 0 
Spotted Lowland 
British-Friesian 2 7 8 1 0 4 0 0 
Danish Black Spotted 2 7 8 1 0 4 0 0 
Swedish Black Spotted 2 7 8 1 0 4 0 0 
Holstein-Friesian 2 5 7 5 0 4 0 0 
Dutch Red-Spotted 
Lowland 2 7 8 1 0 4 0 0 
German Red-Spotted 
Lowland 2 7 8 1 0 4 0 0 
Swedish Red-Spotted 2 6 7 8 0 4 0 0 
Angeln 2 6 7 8 0 4 0 0 
Danish Red 2 7 8 1 0 4 0 0 
Danish Jersey 2 4 7 2 0 4 0 0 
Guernsey 2 5 7 5 0 4 0 0 
Finnish Ayrshire 2 5 7 5 0 4 0 0 
FCM 
milk, 
kg 
Live 
mass, 
4 
Kg FCM milk per 1 day of 
life X live mass = R L B I 
for different lactations 
1st lact. 2nd lact. 3nd lact. 4th lact. 
0 . 6 8 8 1 . 0 3 5 1 . 2 4 3 1 . 3 8 3 
0 . 6 6 0 0 . 9 9 2 1 . 1 9 2 1 . 3 2 5 
0 . 7 0 8 1 . 6 4 0 1 . 2 7 8 1 . 4 2 1 
0 . 8 2 2 1 . 2 3 6 1 . 4 8 5 1 . 6 5 1 
0 . 7 6 5 1 . 1 3 5 1 . 3 5 4 1 . 4 9 8 
0 . 5 8 5 0 . 8 7 9 1 . 0 5 7 1 . 1 7 5 
0 . 5 7 7 0 . 8 6 8 1 . 0 4 3 1 . 1 6 0 
0 . 9 7 4 1 . 4 5 5 1 . 7 4 1 1 . 9 3 1 
0 . 7 8 3 1 . 1 7 0 1 . 4 0 0 1 . 5 5 3 
0 . 6 8 8 1 . 0 3 5 1 . 2 4 3 1 . 3 8 3 
1 . 2 0 6 1 . 7 7 7 2 . 1 1 1 2 . 3 2 9 
0 . 7 1 1 1 . 0 5 5 1 . 2 5 8 1 . 3 9 2 
0 . 9 7 8 1 . 4 5 1 1 . 7 3 0 1 . 9 1 4 
600 
550 
600 
600 
680 
650 
650 
500 
500 
600 
400 
460 
500 
Tab le 2 shows the R L B indices calcula ted f rom the average n u m b e r of 
l a c t a t i o n s for a n u m b e r of genotypes . The f igures prove t h a t genotypes wi th 
lower b o d y mass which produce more concen t ra ted milk are m u c h more 
Table 2 
Evaluation of various genotypes on the basis of RLBI taking the average number of lactations into 
consideration (Szajkó, 1984) 
Age at first calving Calving FMC Live Average R L B I based 
Breed interval, milk, mass, number on the number 
months days days kg kg of lactations of lactations 
Holstein-Friesian 2 8 . 9 8 6 7 4 1 7 5 3 0 5 6 8 0 2 . 5 1 . 0 5 2 
Hungarian Simmenthal 2 8 . 9 8 6 7 4 0 6 3 6 3 9 6 5 0 3 . 5 0 . 8 7 5 
Hungarian Simmenthal X 
Holstein Friesian 2 6 . 8 8 0 4 3 9 3 4 2 9 7 6 5 0 1 . 7 0 . 7 9 7 
European Red Spotted 
Crossed Lowland 2 7 . 0 8 1 0 3 9 7 3 8 8 3 6 0 0 2 . 7 0 . 9 6 2 
Hungarofriz " B " 2 6 . 6 7 9 8 3 9 6 4 2 3 1 5 0 0 2 . 7 1 . 2 6 7 
Hungarofriz " A " 2 6 . 3 7 8 9 3 9 3 4 5 3 6 5 0 0 2 . 5 1 . 3 1 3 
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e c o n o m i c a l u s i n g o f f i c i a l d a t a , t h e g e n o t y p e s w e r e a l s o c o m p a r e d a f t e r c o m p l e -
t i o n o f t h e f i r s t l a c t a t i o n ( T a b l e 3 ) . T h e d a t a o b t a i n e d i n a c o m p l e x e v a l u a t i o n 
o f r e l a t i v e p r o d u c t i o n t h u s i n d i c a t e d t h a t s m a l l - b o d i e d s i n g l e - p u r p o s e d a i r y 
b r e e d c o n s t r u c t i o n s w e r e m o r e f a v o u r a b l e . 
Table 3 
Evaluation of various genotypes after completion of the first lactation 
(Állattenyésztés, 31. 6.) 
Breed 
Age at first 
months 
calving 
days 
Calving 
interval, 
days 
FM С milk, 
kg 
Live mass, 
kg 
FCM milk 
kg/100 kg live 
mass/day 
(RLBI) 
l e t lact. 
Hungar ian Simmenthal 28.9 867 406 2719 650 0.328 
Holstein-Friesian 28.9 867 405 4762 680 0.550 
Hungar ian Simmenthal X 
Holstein-Friesian 26.8 804 368 3877 650 0.508 
Hungarofriz " A " 26.3 804 368 3877 650 0.508 
Hungarofr iz " B " 26.6 798 370 3792 500 0.649 
T h e w i d e - s c a l e i n t r o d u c t i o n o f t h e R L E - i n d e x i s t h u s s u g g e s t e d t o r e p l a c e 
t h e u s u a l m e t h o d o f e v a l u a t i o n a n d s e l e c t i o n i n c a t t l e b r e e d i n g , b a s e d o n t h e 
l a c t a t i o n o r a n n u a l m i l k p r o d u c t i o n . 
S u m m a r y 
Economic efficiency of dairy populations on the basis of relative live performance 
The economic efficiency of milk product ion is not adequate ly shown by the milk pro-
duct ion data . Indices elaborated by weighting the different characterist ics are of great im-
por tance . 
I t is necessary to elaborate an index giving informat ion and the capacities of individuals 
or populat ions and on the relative per formance over the whole l ifetime. The index suggested 
b y the author includes t he life performance, the milk concentrat ion the age at f irst calving, the 
calving interval and t h e body mass, expressing the milk product ion per one day of life and 100 
kg live mass for t h e cows in a given populat ion. 
The "Rela t ive Life performance Body mass I n d e x " ( R L B I ) facilitated a proper evalu-
at ion of milking breeds and crossed populat ions in Hungary . The results show t h a t small-
bodied populations wi th good reproduct ive capacity, producing more concentrated milk and 
completing more lac ta t ions , are t he most economical. Single outs tanding lactat ion results 
h a v e less influence on the value of t he index. The detailed evaluat ion provides a sound basis 
f o r t he correct selection of breeding t rends and types . 
R e f e r e n c e s 
Dohy , J . (1961): A t ehén „relat íve é le t te l jes í tményének" kifejezése (The concept of " re la t ive 
life pe r fo rmance" in cows). Állattenyésztés, 4, 64-78. 
Dohy , A., Dohy, J . (1961): Az élősúly, az övméret és a te j termelés összefüggésének vizsgálata 
(Correlations between live weight , chest circumference and milk production). Állat-
tenyésztés, 10, 32-47. 
H o r n , A. (1976): Állattenyésztés (Animal husbandry) . Mezőgazdasági Kiadó, Budapes t 
Sza jkó , L. (1984): Szakosí tot t te j te rmelés (Specialized milk product ion) . Budapes t , 48-50 and 
106-108. 
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Obituary 
Prof . Dr . B o h d a n D O B R Z A N S K I 
1909-1987 
Professor Dr . B o h d a n Dobrzansk i emeri tus professor o rd ina ry of the 
Agr icu l tu ra l Univers i ty in Warsaw, m e m b e r of t h e Polish A c a d e m y of Science, 
foreign member of t h e Hungar i an Academy of Science died on 15 th J u l y , 
1987. P r o f . Dobrzansk i was born on 3rd March, 1909 in S t r u t y n k a , began his 
scient if ic work in 1933 a t the Po ly techn ica l Univers i ty in Lwow, where he also 
ob ta ined his doc tora t . 
I n 1946 he organized and was head of t h e Chair of Soil Science a t t he 
Un ive r s i t y of Marie Curie-Sklodowska in Lubl in . Facu l ty of Agr icul ture , 
a f t e r w a r d s in 1955 he crea ted the Chair of Soil Science on the Facu l t y of Biology 
and E a r t h Sciences. 
F o r nine years P ro f . B. Dobrzansk i was rec tor a t t he Univers i ty of Marie 
Curie (1952-55) and l a t e r f i rs t rec tor a t t he Agr icul ture Univers i ty in Lubl in 
(1955-59 and 1968-69). 
F o r his mer i ts in the deve lopmen t of these Universit ies a n d for his 
scient i f ic ach ievements he was h o n o u r e d doctor honoris cause a t b o t h ins t i tu-
t ions a n d a t the Agr icu l tura l and Technica l Univers i ty of Olsztyn. 
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In 1960 P r o f . В . Dobrzanski was elected as a correspondent m e m b e r and 
in 1969 as an o r d i n a r y member of t h e Polish A c a d e m y of Sciences. I n 1960-
1980 he was m e m b e r of P res id ium of P.A.Sc. , in 1969-71 he was d e p u t y and 
genera l scientific secre tary of P .A.Sc . and in 1972—77 Sc. Secre ta ry of Agri-
cu l tu re and F o r e s t r y Section in P .A.Sc . 
Through 4 cycles he was cha i rman of t h e Commit tee of Soil Science 
a n d Agricul tural Chemis t ry and t h r o u g h 2 cycles cha i rman of the Commit tee of 
Agrophysics . 
In 1969 he was n o m i n a t e d director of t h e Soil Science I n s t i t u t e of the 
Agr icul tura l Un ive r s i t y in W a r s a w and he p e r f o r m e d this func t ion un t i l 1979, 
w h e n he ret i red. 
On his insp i ra t ion the un ique In s t i t u t e of Agrophysics was establ ished in 
1968, as par t of t h e Polish A c a d e m y of Sciences in Lubl in . For m a n y years he 
was director of t h i s In s t i t u t e and la ter c h a i r m a n of its scient if ic council. 
Prof . B. Dobrzansk i was a u t h o r or co -au thor of over 340 publ ica t ions , 
m a p s and books . His ach ievement was t h e es tab l i shment and subsequen t 
ed i torsh ip of t h e " P o l i s h J o u r n a l of Soil Science" a n d bullet in " T h e problems of 
Agrophys ics ." 
He p r o m o t e d 30 doctors of science, 12 of w h o m obta ined t h e t i t le of 
professor and severa l of associate professor. 
Of pa r t i cu la r va lue are his works on the genesis, sys temat ics a n d evolut ion 
of soils, pa r t i cu la r ly rendzinas a n d on t h e d y n a m i c s of wa te r r e ten t ion and 
t ransmiss ion in soils evolved f r o m loess and sand . He was highly in te res ted in 
t h e deve lopment of agrophysical research, wi th special a t t en t ion to the basic 
phys ica l processes in soils and t h e resul ts of agrotechnica l activit ies. 
Of pa r t i cu la r impor tance are his monographs , wr i t ten in col laborat ion 
w i t h other soil sc ient is ts ; " T h e agr icul ture va lue of soils in E a s t e r n P o l a n d " , 
" R e n d z i n a s of t h e Lubelska U p l a n d developed of ca rbona te rocks of Cretaceous 
pe r iod" , " T y p o l o g y and proper t ies of soils developed f r o m boulder l oam of t h e 
middle-Polish g lac ia t ion" and " S u r f a c e area of a rab le soils of P o l a n d " . 
His last publ ica t ions were : 3rd edi t , of t h e academic m a n u a l "Gle-
b o z n a w s t w o " — "Soi l Science" w i th S. Zawadsk i and the m o n o g r a p h y "Mor-
phology, s t r u c t u r e and u l t r a s t r u c t u r e of silt gra ins in sandy soils of t h e K a m -
pinos National P a r k " with Z. Brogowski and J . Kocon . In process of publi-
ca t ion is a m o n o g r a p h wr i t t en toge the r wi th R . Tursk i abou t rendzinas in 
P o l a n d . 
Prof. Dobrzansk i is well k n o w n as one of t h e creators of soil c a r t o g r a p h y 
in Poland . He is co-author of t h e Soil Map of P o l a n d a t the scale 1 : 300,000, 
m a i n editor of Soil Map of P o l a n d a t the scales 1 : 500,000 and 1 : 1,000,000 
w i t h included soils character is t ics a n d co-author of the Soil Map of Europe a t 
t h e scale : 2,500,000 and 1 : 1,000,000 which were prepared a t t h e in i t ia t ive of 
F AO. 
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T h a n k s t o his research and abi l i ty t o col laborate w i th other sc ien t i s t s 
Prof . B. Dobrzansk i has reached a pos i t ion of eminence among polish soil 
scientists. H e was elected m e m b e r of t h e H u n g a r i a n A c a d e m y of Sciences, of 
the Soviet All-Union Agr icu l ture A c a d e m y and of t h e Agricul ture A c a d e m y 
of the G e r m a n Democra t ic Republ ic . 
He was also honora ry member of t h e Ail-Union Soil Science Society a n d 
of the Soil Science Society of the Federa l Republ ic of G e r m a n y . 
Fo r a decade Prof . Dobrzansk i was foreign m e m b e r of the H u n g a r i a n 
Academy of Sciences. H e vis i ted H u n g a r y m a n y t imes a n d conducted j o i n t 
research w i t h Hunga r i an soil scientists. 
The m e m o r y of th is br i l l iant pe r sona l i ty and scient is t will remain w i t h 
all those w h o enjoyed his f r iendship over m a n y years . 
I . S Z A B O L C S 
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REVIEWERS OF MANUSCRIPTS, VOLUME 37, 
1988 
E v e r y scientific con t r ibu t ion in A c t a Agronomica H u n g a r i c a is r ev iewed 
by two scientif ical ly qua l i f i ed persons. T h e Edi tor ia l B o a r d is pleased t o p u b -
lish t h e fol lowing list of reviewers for t h e manuscr ip t s of t h e 1988 issues, who 
by the i r unse l f i sh con t r ibu t ion have s igni f icant ly c o n t r i b u t e d to ensu re t h e 
scientific s t a n d a r d s of A c t a Agronomica Hungar ica . 
J . Antal O. Juhász M. Pethő 
A. Bálint I. Kiss I . Précsényi 
J . Berná th A. Kovács J . Seregi 
I . Bocsa I. Kovács J . Schmidt 
T. Brunner J . Lelley I . Szabolcs 
Cs. Bará th (Mrs) I . Máthé j r . L. Gy. Szabó 
L. Csányi A. Meszlény L. Szajkó 
E . Cseh B. L. Nagy J . Szabady 
L. Cselőtei J . Nagy L. Szalay-Marzsó 
В. Debreczeni (Mrs) L. Gy. Nagy F. Szidorovszky 
J . Dohy R. Nehéz J . Szegi 
I . Dorogi J . Németh S. Szlovák 
Gy. Fehér Gy. Obadovics Z. Szőcs 
V. Frenyó E. Papp I . Tildy 
I . Herold J . Papp I. Tó th 
N. Hamar D. Polyák E . Tyihák 
M. H a j d ú I. Pais J . Walger 
S. Holdas К. Pásztor M. Wit tmann 
L. Heszky J . Petcznik J . Sváb 
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The Food and Nutrition Bulletin is a quarterly 
published under t he joint editorship of the 
United Nations University and the United 
Nations Sub-Committee on Nutr i t ion as a 
continuation of the former PAG Bulletin. 
Number 4 of Vol. 7 of the journal is di-
vided into the following chapters: "Nutri t ion 
and health", " F o o d science", "Food and 
nutrition plicy". At the end of the journal 
there is a list of the institutions collaborating 
in the sub-programme "Food, nutr i t ion and 
pover ty" coordinated by the UNO Univer-
sity. 
The papers contained in the journal deal 
with problems faced by the developing coun-
tries. 
V. Valverde, H. Delgada, R. Flores, R. 
Sibrián and M. Palmieri, the authors of the 
paper "The School as a Data Source for Food 
and Nutrition Surveillance Systems in Centra 
America and P a n a m a " , give an account of 
a programme involving measurements of the 
body height of children entering school and 
investigations into the social s ta tus of their 
families. The evaluation of these da t a provides 
a reliable, low-cost index with respect to both 
nutrit ion problems and nutrition deficiency. 
A high mortaili ty ra te in a communi ty (or 
country) was found to coincide with reduced 
body height. 
In a paper enti t led "Asceriasis and Diges-
tibility: A Study in Cameroonian Children" 
André Cornu calls at tention to t h e need to 
lay greater emphasis on public heal th and 
personal hygiene in order to stop, or at least 
essen, infections by intestinal parasites and 
0 l t h e r pathogens. 
Experiments conducted in four villages 
in t he Punjab, India, are described by B. N. S. 
Wal ia , S. K. Gambhir, D. Kumar and S. P . S. 
B h a t i a in the paper "Feeding from the Fami-
ly Po t for Prevention of Malnutrit ion". On 
the basis of the experiment the authors are 
convinced that a large proportion of t h e po-
pula t ion in the developing countries, where 
t he children are undernourished, is unaware 
of t h e fact that children are quite capable of 
ea t ing and digesting t he food that the fami ly 
consumes, that this would cause t h e m to 
grow normally. According to the authors few 
families are really shor t of food. Malnutri t ion 
could be prevented and cured, in their opin-
ion, if the children shared in the fami ly 
meals . 
T h e aim of t he paper "High-protein 
Biscuits Made with Ragi Flour and Oil-seed 
Flour Blends" M. P. Vaidehi, Pushpa Bhara t i 
and Lelitha Reddy is to popularize t h e use 
of ragi , an important food for people in semi-
arid tropical regions. The authors mixed ragi 
f lour with soya or peanu t flour and m a d e 
biscuits with it. Having compared the prote in 
conten t and raw materials of the p roduc t s 
thus obtained they found that , for the same 
price as traditional biscuits, products wi th 
a 2 0 - 7 0 % higher protein content could be 
produced, though the i r organoleptic qua l i ty 
did no t reach that of t he control. 
In the paper "Aid , Trade and H u n g e r " , 
wr i t t en on the basis of a survey made by 
the International Food Policy Research In-
s t i tu t e in 1979, George Kent establishes t he 
fact t h a t in the 16 developing countries t h a t 
reached the highest growth rate for food 
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production between 1961 and 1976 food im-
ports showed a simultaneous increase, though 
this did not necessarily reduce hunger . The 
s tudy points out t h a t while in most countries 
the average daily calory intake increased, the 
increase in calory intake by poor people came 
f rom the cheapest cereal-based foodstuffs. 
The income distribution favours t h e middle-
class and the rich. 
P . F Ö L D H Á Z Y 
L . H . M A C D O N A L D : Natural Resources Devel-
opment in the Sahelv the Role of t h e United 
Nations System. 
— The United Nations University, Tokyo, 
1986. pp. 95. 
Originally the term "Sahel" — an Arabic 
word literally meaning "shore" or " b a n k " 
— had a specific geographic reference: the 
southern boundary, or "shore" of t h e Sahara, 
the variable zone between the extremely arid 
desert and the more humid savannahs to the 
south. This zone is some 450 km wide, and 
extends for roughly 5500 km between the 
Atlantic Ocean and the Red Sea, including 
significant par t s of Senegal, Mauritania, 
Mali, Niger, Chad, Sudan, Burkina Fasso 
(Upper Volta), Nigeria, Cameroon and Ethio-
pia. 
I t was the 1968-73 drought t h a t focused 
world attention on the Sahel region. An 
unusually poor series of wet seasons led to 
the failure of crops and the death of livestock 
on a massive scale and the pictures of mal-
nourished children and dead catt le stimula-
ted a tremendous outpouring of emergency 
relief. This short- term reaction has been fol-
lowed by an international effort to aid the 
long-term development of the countries that 
are now commonly called the Sahel. 
This excellent review of the jo in t efforts 
of different U N organizations and projects 
to bring relief to the plague-smitten nations 
covers not only the first (1968-73) but also 
the second (1983-85) period of drought . The 
U N University Arid Lands Subprogramme 
chose the theme "Assessment of t he Applica-
tion of Existing Knowledge to Arid Land 
Problems" . A number of research s tudies 
were commissioned within the scope of this 
s u b j e c t , examining t h e various in te r face 
t h a t exist between scientific investigation 
and the application of its findings, of ten 
wi th in a regional context . 
This study also focuses on the problems 
of socio-economic development, environmen-
ta l conservation, and the application of 
scientific knowledge and technological resour-
ces in the Sahel. 
The author is an exper t on desertification 
problems, working in th is field in connection 
with U N programmes concerning the Sahel 
region. He gives an "inside" view of the 
s t ruc tu re and functioning of these aids, wi th 
all t h e problems involved. In the third chap-
ter he gives a detailed account on t h e U N 
Development Programme (UNDP) and the 
U N Conference on Desertification (UNCOD, 
Nairobi , 1977). 
The last chapter is devoted to conclusions. 
I t is pointed out t h a t development aid mus t 
be provided in a spirit of cooperation and 
wi thout any preconceived ideas. Al though 
the UNU's special Subprogramme on Arid 
Lands has now been concluded, t he new 
programme on Resource Policy and Manage-
m e n t has undertaken to maintain this inter-
nat ional dimension in research, t ra in ing 
and dissemination, stressing the interact ion 
of resource management , conservation 
and development. 
This volume is a very useful, au then th ic 
source of relevant information concerning 
the whole complex of problems in the Sahel 
zone. Climatologists, ecologists, agro-econo-
mists and poltiticians should all f ind it va-
luable. 
Z. Szőcs 
H . R . J . D A VIES (ed.): Natural Resources and 
Rural Development in Arid Lands: Case Stu-
dies f rom Sudan. — United Nations Univer-
si ty, Tokyo, 1985. pp . 84« 
I n 1975 the Council of the UN Universi ty 
identif ied three pr ior i ty areas for i ts con-
cern — world hunger , human and social 
development, and the use and management 
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of natural resources — and ordained t h a t a 
programme should be organized in each of 
these areas. By early 1977 the Programme 
on the Use and Management of Na tura l 
Resources had itself identified a series of 
specific problem areas for its investigation 
(viz. environmental deterioration in t he hu-
mid tropics, rural energy supplies, and the 
ineffectiveness of a t t empts to apply knowl-
edge to the management and development 
of arid lands) and sub-programmes were 
developed in response to each of these. In 
1977 it was decided to base the la t te r (the 
Arid Lands Sub-programme) at the Univer-
sity of Khartoum, Sudan. The following year 
a workshop was held in Khartoum, as a result 
of which a first series of five studies was ini-
t ia ted in Sudan during 1979 under the overall 
heading "Obstacles to the Application of 
Exis t ing Knowledge in Arid Lands". 
This volume contains the four studies in 
th is series completed by 1982. 
The first study deals with the product ion 
of dura (Sorghum vulgare) in Sudan and with 
the parasite buda (Striga hermonthica) which 
is the most dangerous weed of dura and other 
crops (millet, sugar-cane, maize, rice). I t is 
concluded that without effective control of 
th is aggressive weed, there is no way ou t of 
t he present hopeless "circulus vi t iosus" of 
t h e lifecycle of buda for the relatively poor, 
slimple rural society because the domestic 
livestock are the main distributional fac tor 
in the spread of the weed. 
The second case study is about the impact 
of an improved rural water supply on the 
environment in the Eas t Kordofan District 
(West Sudan). This area is tradit ionally a 
semi-arid one and generally characterized by 
a shortage of water, even drinking water . 
There is no question tha t the people need 
more new local sources of water (different 
kinds of wells), but experience shows t h a t 
t he inevitable consequence of opening up a 
new source is a quick concentration of people 
and a rapid growth of the population around 
it . This in turn usually leads to serious dis turb-
ances in and the deterioration of the fragile 
environmental complex. The author concludes 
t h a t the best strategy is to allocate t he new 
sources to local centres where the conditions 
required for future socio-economic develop-
ment are already available. 
The third paper is about the wood resour-
ces and their use in t he Nuba Mountains 
(Kordofan provence, West Sudan). In arid and 
semi-arid regions with a rapidly increasing 
population, involving migration to the towns, 
the demands for wood fuel rapidly escalate. 
Locally available sources are necessarily 
limited and are often soon exhausted. In 
periods of severe droughts large numbers of 
rural cultivators and workers become desti-
tute because of crop failure and loss of an-
imals. Chopping down trees for sale is a 
temporary solution for such people, bu t 
at the same time it means an enormous 
pressure on the forests and trees within 
reach. 
The fourth case study is "Planners ' and 
part icipants ' perceptions of development in 
the semiarid lands of Sudan: a case s tudy of 
the Khashm el Girba Scheme". I t is about 
the success and the unexpected reaction of 
the nomadic tribes in the area. The main 
conclusion is tha t various groups have widely 
different viewpoints and unless these can be 
brought more closely together , the scheme is 
unlikely to achieve a high degree of success. 
The main lesson for arid land development is 
the overriding need for a full assessment of the 
perceptions of the part icipants if success is to 
be achieved and waste minimized. 
The whole volume is a valuable source for 
a deeper understanding of the main roots of 
the problems in arid land development. I t 
will be of special use to s tudents and univer-
sity teachers dealing with t he ecological, agri-
cultural, social and economic aspects of these 
problems. 
Z. Szőcs 
R U D O L F H A G E M A N N : Allgemeine Genetik. 
(Zweite Auflage) VEB Gustav Fischer Verlag 
Jena (1986) 
Rudolf Hagemann's book "Comprehensive 
Genetics" has recently run to a second edi-
tion under the editorship of VEB Gustav 
Fischer Verlag Jena (1986). 
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Hagemann 's name is familiar to all those 
who are acquainted with his works in the 
field of biological sciences. The author is a 
professor in the genetic team of the Biological 
Inst i tute, Martin Luther University, Halle-
Wittenberg. His present collaborators, Rein-
hard Piechochki, Frank Siegemund and 
Thomas Börner professor of genetics at 
Humboldt University, Berlin, also contribu-
ted to the f i rs t edition. 
In the Preface Hagemann recommends 
the book to every representative of the pro-
fession interested in the subject , but espe-
cially to university students in the biological, 
agricultural and medical faculties. 
The 542-page book is divided into 19 
chapters; the 201 figures, 37 tables, and a 
chronological table in the Appendix on the 
results of genetic research together with a 
bibliography (for the 1st and 2nd editions) 
and a list of terminological references, con-
tribute to better understanding and easier 
orientation. 
In the first two chapters the tasks facing 
genetics, its place among the other sciences, 
the associated branches of science and the 
objects of genetic research are characterized. 
A survey is given of the genetic material of 
Cyanobacteria, bacteriophages and viruses. 
Chapter 3 gives detailed information on 
the s t ructure and regeneration of the genetic 
material, describes the types of cell division 
an by analysing the various phases of this 
division, discusses the s t ructure of the chro-
mosome, including different types, such as 
giant chromosomes, lampbrush chromosomes, 
etc. 
Detailed descriptions are found in this 
chapter on the structure and recombination 
of the material carrying the genetic infor-
mation, f rom the RNA of phages to the 
mitochondrial DNA of higher plants. 
Chapter 4 uses well chosen models to il-
lustrate the processes by which faulty gene-
tic codes are repaired. 
In Chapters 5 and 6 muta t ional changes 
in the genetic material, the causes inducing 
mutat ions and the mechanisms and rate of 
mutat ion are dealt with, and gene, chromoso-
me, genome and plasm mutat ions are analysed. 
Chapters 7 to 9 describe the mechanism 
by which the genetic material is t ransmit ted 
and reproduced in prokaryotes and eukary-
otes. Differences in haplodiplotene recombi-
nations, and the genetic control and cyto-
plasmic basis of crossing over are also dealt 
with. 
Detailed descriptions are given of the 
phenomena and material of plasm transmit-
tance. Examples are given of plastid and 
mitochondrial t ransmit tance. 
In Chapter 10 a complex description is 
given of various types of cell biological 
manipulations; t he results achieved so far in 
embryo t ransplantat ion, artificial insemina-
tion, nucleus t ransplata t ion, plasm exchange 
the fusion of somatic animal and plant cells, 
etc. are presented, together with future 
prospects in these fields. 
This is followed by a discussion of the 
results and perspectives of genetic engineer-
ing, ways of choosing the DNA donor, and 
the role of DNA fragments and vectors. The 
isolation and "cloning" of chromosome parts, 
or DNA sequences, methods of in vitro co-
ding and ways of applying them are also dealt 
with in Chapter 11. 
Chapters 12 to 14 acquaint the reader with 
the concept and system of notat ion of the 
genetic code, the mechanism of transcription, 
the possibilities of transcribing errors, changes 
in the code due to mutations and cases of 
reparation. 
Chapter 14 exposes the ul trastructure of 
the gene, analysing the concepts of genes, 
mutons, and recons on examples taken from 
the pro- and eukaryotes. 
Chapter 15 introduces the reader to the 
operon theory of gene control, including re-
gressive and inductive control and mutat ive 
changes in the funct ion of the operon. 
The author reveals the secrets of gene 
fusion (Chapter 16), a procedure which may 
promote the format ion of intermediates, e.g. 
immunoglobulin genes. 
Chapter 17 can be regarded as a special 
s tudy on the mechanism by which primary 
genetic information is transmitted comple-
mented by an analysis of the biochemical 
processes of gene interactions (complemen-
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taries, modifieators, suppressors, polymery, 
etc.). 
A large number of literary references and 
examples help to give a comprehensive view 
of the joint effects and interactions of sexual 
chromosomes and ecological factors. In this 
context the relation between genes and the 
plasm and the manifestat ion of their inter-
action are analysed. 
Like other authors , Hagemann attaches 
special importance to methods for studying 
the rules of populat ion genetics. He gives 
several examples of how to apply the Hardy-
Weinberg rules, t hus showing the possibilities 
of population genetic modelling. 
The causes of genetic polymorphism and 
factors acting on the process of evolution, 
such as mutation, migration, selection, drift , 
fi tness, change of allele frequency, genetic 
stress, etc. are all clearly explained. 
Finally, references are made to fields 
where a knowledge of genetics may promote 
development in research and production. 
This book by Hagemann and his co-au-
thors presents the la tes t achievements in gene-
tics in an up-to-date form. While it discusses 
the results of classical genetics, it also sup-
plies wider and more detailed information on 
molecular genetics. 
The book is clearly formulated; the 
examples and the reasoning are easy to fol-
low. The figures and tables help to achieve 
an understanding of t he subject. I t will be 
a useful manual for t he acquisition of a basic 
knowledge of genetics and for the recognition 
of its fields of application. 
K . M OZSÁR 
H A N S G Ü N T H E R D Ä S S L E R : Einßuss von 
Luftverunreinigungen auf die Vegetation (Ur-
sachen-Wirkungen-Gegenmassnahmen).Drit-
te Auflage, VEB G. Fischer, Jena 
This 223-page book presents the reader 
with an extremely topical subject in a clear, 
easily comprehensible form. In a to ta l of 
eight chapters, t he author discusses the 
damaging effect of air pollution on plants, 
illustrating his a rguments with clear figures 
and sketches. 
The first chapter, which also plays the pa r t 
of an introduction, gives a brief historical 
review stretching from 1849 to the present 
day, demonstrat ing t he significance of imis-
sion damage in plants and animals, and also 
from the point of view of human life. This 
chapter also contains an explanation of the 
terms and basic concepts used in the book 
(pp. 11-19.) 
Chapter 2 gives a detailed review of the 
sources of air pollution, listing (in order of 
importance) the materials which play t he 
greatest role in causing air pollution. These 
are sulphur compounds (S02 , S0 3 , H2S), 
fluorine compounds (FH, CaF2), chlorine 
compounds (Cl2, HCl), nitrous fumes (NO, 
N 0 2 , N 2 0 3 , N 20 4 ) , ammonia (NH3), ozone 
(0 3 ) and ethylene (C2H4). But polluted air 
also contains soot, ashes, cement dust and 
the dus t of heavy metals. In connection with 
these factors , information is given on the 
types of power stations, factories, etc. f rom 
which t h e y may originate (pp. 20-29). 
The third chapter presents the reader with 
a description of various methods of analysis. 
Informat ion is given on the spatial distribu-
tion of emission and immission, on ways of 
analysing the air, on various forms of sample 
taking, and on ways of evaluating the results 
(pp. 30-47). 
Chapter 4 deals with the preconditions for 
immission and the effects exerted on plants. 
To s t a r t with, the reader learns how plants 
take up these noxious substances and what 
effect t h e y have on various physiological 
processes as a function of concentration and 
time. Graphs based on specific examples and 
original measurements illustrate the reduction 
in assimilation and disturbances arising in 
respiration and the water balance. In this 
chapter t he author also mentions biochemi-
cal effects forming the basis of physiological 
phenomena (changes in the reactivity of 
enzymes and isoenzymes, reductions in t he 
quanti t ies of organic acids, the stimulation of 
ethylene production, changes in p H values, 
etc). The chief emphasis in this chapter is 
on a description of the symptoms of damage, 
which are illustrated by extremely clear 
figures and colour photographs (pp. 48-76) 
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In contrast to the general conclusions 
found in previous chapters, chapter 5 is de-
voted to the specific immission effects which 
can be observed in agriculture and horticul-
ture. This includes a discussion of immission 
damage to the soil, to agricultural crops (fod-
der crops and grain fodder) and to horticul-
tura l plants. This is followed by a detailed 
description of damage caused to deciduous 
and evergreen trees. The chapter includes 
numerous tables and sketches, presenting the 
reader with complex information on sensi-
tive and resistant species (pp. 77-119). 
The sixth chapter discusses methods of 
est imating the damage on immissiou areas. 
Examples are given on how to apply analy-
tical methods in soil and plant analysis. 
Mention is made of the importance of bioin-
dicators. Methods of diagnosis and damage 
assessment are presented in the fields of 
agriculture, horticulture and forestry (pp. 
120-143). 
Chapter 7 discusses laws designed to 
mainta in the puri ty of the air, and equip-
ment suitable for the reduction of emission 
(pp. 147-157). 
Chapter 8 is once again addressed to 
agriculturalists, horticulturalists and forestry 
experts, listing adaptive techniques which 
can be applied as preventive measures against 
the immission effects still to be reckoned 
with, e. g. stock replacements, choice of tree 
species, afforestation of areas surrounding 
industrial sites, etc. (pp. 158-185). 
The ninth chapter contains final conclu-
sions in the field or regional and construction 
planning (pp. 186-189). 
Chapter 10 contains an abundant list of 
references (around 150 works), followed by a 
detailed subject index. The closing pages are 
devoted to a series of 15 photographs, some 
of them in colour. 
I . S z A L A I 
G. S l T K E l : Mechanics of Agricultural Mate-
rials, Akadémiai Kiadó and Elsevier Pub-
lishing House, 1986 
In previous centuries the properties of 
agricultural materials caused no particular 
difficulty, since the picking and preparing 
for market of easily damaged frui t were car-
ried out entirely by hand, while t h e pack-
aging materials used during t ranspor ta t ion 
were chosen to protect the goods f rom dam-
age as much as possible. 
With the appearance and spread of large-
scale mechanized harvesting, mechanical 
t ransportat ion, loading, and processing, the 
requirements which must be satisfied, when 
designing those tools and equipment tha t 
come into contact with the produce, have 
become considerably sticter. 
Yet before the requirements can be satis-
fied, much more precise knowledge is needed 
on the parameters connected wi th kinetic 
forces acting on the produce. Until now, de-
spite the relatively precise engineering de-
sign, practice has been based almost entirely 
on material parameters determined empiri-
cally, as the result of which the machinery 
and instruments manufactured and marketed 
were more expensive and caused greater loss 
and damage. 
Among its other merits, György Stikei's 
book has the great advantage t h a t it is the 
f irst in this field to give an uniform classi-
fication of the physical properties and the 
mechanical, thermodynamic, electrical and 
optical parameters of agricultural materials. 
I t details the interactions between the liquid 
and solid contents of the materials, of the 
moisture exchange, of drying, and of the 
behaviour of the materials in t he course of 
storage. 
A no less important chapter of the book is 
devoted to rheology. Detailed information is 
provided on factors related to the deforma-
tions and creep occurring in t he materials 
under the influence of various forces. 
The second par t of the book deals with 
correlations connected with mechanical da-
mage, with the causes of this damage and 
possible ways of reducing it, and with aero-
and hydrodynamic characters. 
A related chapter concerns fr ict ion in the 
materials, and not only describes t he general 
laws of friction, but also specifically assists 
designers in connection with the pressure 
exerted on the walls of receptacles, with 
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outflow and with the movement of various 
kinds of materials. Of most pract ical use is 
the section on the dimensioning of recepta-
cles. 
The chapter on the concentration of ma-
terials provides extremely useful information 
for the designers of machinery for pelleting, 
and pressing. 
Of the 18 chapters in the book, the last 
2 deal with the cutting and chopping of 
agricultural materials and with t h e grinding 
of granular and fibrous materials. Although 
these final chapters summarize the most 
widely-known facts in this f ield, they are 
well worth reading, since they contain many 
new facts and approaches of considerable 
value for those who deal with feeding. 
Previously, machines for cut t ing and chop-
ping have been deduced and designed on the 
basis of technical aspects r a the r t h a n from 
a knowledge of material parameters . 
One of the greatest merits of th is book is 
the extensive list of references, f rom which 
it is obvious t h a t the author has based his 
opinion not only on his own long years of 
research experience, but also on a large 
number of papers published throughout the 
world. I t also means that those experts who 
wish to make a more detailed s tudy of the 
subject in question are provided with an 
excellent guide to sources f rom which they 
can expand their knowledge. 
The book on which this English edition 
is based was f irst published in Hungarian, 
with a similar title, in 1981. The Academy 
Press deserves great praise for undertaking 
the publication of this excellent, fundamental 
and significant work in English, so tha t ex-
perts involved with agricultural mechaniza-
tion and machine design in m a n y parts of 
the world can s tudy and utilize the knowl-
edge it contains. J . K A R A I 
С . B A R R Y N E S T F . L : Development of Animal 
Production Systems. Neimann-Srensen: World 
Animal Science series, No. A-2.: Basic infor-
mation. Elsevier Publishing House. Amster-
dam-Oxford-New York-Tokyo, 1984. 435 p. 
Millions of people are now starving and 
th is number is expected to increase wi th the 
rapid growth of population, mainly in the 
developing countries, and primarily in Afri-
ca. To combat hunger and malnutr i t ion one 
of the most impor t an t tasks is the develop-
ment of animal production, for which, 
among others, we mus t have recourse to 
ecology and ethology from the new branches 
of science. The Elsevier Science Publishers 
undertook to publish the scientific results of 
t he topic. Many no ted researchers took part 
in the work of exploring the possibilities 
offered in raising mea t - and milk-purpose 
cat t le , sheep, pig, horse, buffalo, poultry, 
and several newly domesticated or halfdomes-
t icated species. 
This book is divided into four main parts, 
the chapters of which offer sufficient insight 
in to the present s t a t e and future propsects 
of the subject. 
Part I examines some major factors 
which fundamental ly influence the success 
of animal production in various regions of the 
world. 
Chapter 1 (B. Nestel) discusses general 
questions of animal production, such as land 
use, animalsustaining capacity of t h e area, 
problems of ve ter inary hygiene, market ing, 
and maintenance technology. 
Chapter 2 (M. H . Butterworth) deals 
with some foremost tasks of land use, 
primarily grassland management, — culti-
vat ion and — uti l izat ion on the different 
continents. Management problems of wild 
animals (elephant, zebra, kaffir, etc.) and 
utilization questions of tropical hunt ing 
areas — game preserves — are also men-
t ioned. 
Chapter 3 (R. S. Temple and I . Reh) 
discusses the numerical distribution of do-
mestic animals (cat t le , sheep, goat, pig, cam-
el, buffalo, poultry) per continent, and the 
role of environmental biological and human 
factors influencing t h e number and mainte-
nance of animal populations. 
Chapter 4 (P. R . Ellis): the effect of veter-
inary control on an imal production is shown. 
This chapter also deals with the quest ion of 
disease susceptibility, and with t he effects 
of various pathogens and climatic factor 
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which predispose to or cause diseases. I t dis-
cusses the role and importance of a veter inary 
control exercised in t he course of shepherding 
under nomadic and settled conditions, as well 
as in such other systems of livestock manage-
ment as intensive animal production. Organi-
zation and development problems of the 
veterinary service, and questions of veteri-
n a r y hygiene planning, are also got forth. 
Chapter 5 (H. J . Mittendorf and N. 
Krost i tz) handles t he marketing questions 
of animal products. The authors discuss first 
t h e trends of meat consumption a n d meat 
supply worldwide and in each cont inen t , the 
organization of mea t markets in t h e devel-
oped countries, and the special problems of 
mea t supply for t h e developing countries. 
T h e y then anylse t he demand for and supply 
of milk in the developed and developing 
countries. 
Chapter 6 (P. Mahadevan) concerns the 
subject of education for animal breeders and 
t raders , with special regard to the application 
of various new technologies for farms carrying 
on traditional shepherding as well as for 
small and large livestock farms. He touches 
upon the necessity of developing t h e milk-
and meat production and adapting advanced 
production technologies, and upon t h e role 
and qualification of inspectors (agents) 
working in this field under the condit ions of 
livestock farms in t h e developed a n d devel-
oping countries. 
Part II describes the animal product ion 
systems of the different continents and re-
gions within them. 
Chapter 7 (B. Nestel) provides a general 
comprehensive survey of how an imal pro-
duc ts are managed in various regions and 
countries. 
Chapter 8 (D. E . Faulkner) discusses the 
ecological characteristics of the Near-Eas t 
and Pakistan, the sheep-, goat-, ca t t le- , buf-
falo* and camel keeping methods u n d e r no-
madic and settled conditions, t he level of 
production, the demands for food and the 
s t ra tegy of development. 
Chapter 9 (D. J . P r a t t ) tells of t h e natural 
conditions in the arid zone of Afr ica , with 
i ts wild and domesticated livestock, i ts tra-
ditional grazing method of livestock farming, 
and i ts development s t r a t egy . 
Chapter 10 (B. Nestel) outlines the pre-
sent s i tuat ion of agricultural production in 
India, also the number and composition of 
its l ivestock. A special section is devoted t o 
the s i tuat ion and impor tance of cattle-(ze-
bu-) and buffalo keeping and to the level of 
their production. The a u t h o r emphasizes t h e 
priori ty of these species as draught animals. 
I t is main ly among the landless people of t h e 
Himalaya region t h a t sheep- and goat keep-
ing has become widespread. A similarly 
impor t an t role is played in India by a b o u t 
19 goat breeds specialized for milk- and wool 
production. The chapter acquaints the read-
er wi th the question of household poul t ry 
farms consisting of b a r n y a r d fowl as well as 
with t h e management of those poultry f a r m s 
tha t include imported cultured layers. The 
author also presents t h e situation of mea t -
and milk production, mea t - and dairy in-
dus t ry and of meat- a n d dairy prices. Some 
major characteristics of t he services related 
with animal production, such as veterinary 
service, livestock agency, artificial insemina-
tion, research, education and training, s ta te -
and co-operative milk collection systems are 
also discussed. Finally, the author briefly 
reports on the Ind ian development pro-
grammes of animal product ion, including the 
tasks of five-year plans for this purpose. 
Chapter 11 (B. Nestel and L. S. Castillo) 
reviews the animal product ion systems of 
South-Eas t Asia and J a p a n . The au thors 
ment ion poultry f a rming as the most im-
por tan t branch, in which chicken, duck , 
goose, turkey, guinea-fowl, pigeon and quail 
play equally important roles. In this region, 
J apan is the main pou l t ry producer. The 
emphasis upon poultry production in J a p a n 
is due to the demand of i ts population for 
animal protein which cannot be fully satis-
fied b y beef, pork and milk . The authors also 
tell of t he high level pig and cattle produc-
tion a n d the long-term development s t ra tegy 
of l ivestock farming in t h e region. 
Chapter 12 (V. A. Oyenuga and B. Nestel) 
specifies the situation and tasks of livestock 
farming in humid Afr ica , shows the origin 
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and history of animal production in those 
regions, discusses the conditions of keeping 
catt le, sheep, goat, pig and poul t ry and 
analyses their productivity. The authors deal 
in detail with two beef-cattle breeds: a local 
one called N 'Dama which appears mos t im-
por tan t in the region, and an imported short-
horn beef-cattle, bu t also explains t h e im-
portance of other cat t le breeds, including the 
zebu crosses. They describe the ma jo r sheep 
and goat breeds and a local pig breed called 
"West -Afr ican" . The role of most ly Euro-
pean cult ivated pig breeds used for breeding 
is briefly mentioned. Bantam is one of the 
ma jo r poultry breeds, but the question of 
importing upto-date poultry hybrids is also 
discussed. 
Chapter 13 (F. J . Peritz) applies to the 
animal production systems of South-Ame-
rica. Af ter outlining the ecological character-
istics of South-America and the his tory of 
livestock farming there, the author concen-
t ra tes upon questions of cattle-, sheep-, goat-, 
l lama-, alpaca- and pig farming. By using 
tables, he illustrates the distribution of the 
catt le stock among the larger countries of the 
region, i ts rate of reproduction, the (extreme-
ly low) milk- and beef production; the 
distr ibution of sheep, goat and pig by area 
and breed and the level of their production. 
Informat ion on the extensive, semi-inten-
sive and intensive pig breeds and crosses kept 
on the continent, on the main keeping, fat-
tening and sometimes very peculiar feeding 
methods, as well as on the slaughterweights, 
is likewise depicted in a tabulated fo rm. The 
latest oil prices and the resulting economic 
crisis have brought the question of animal 
production based on uncultivated and on 
properly fertilized intensive grasses into prom-
inence. 
Chapter 14 ( J . de Alba) is restr icted to 
the animal product ion systems of Central 
America, Mexico and the West Indies. After 
characterizing the ecology of the region and 
its history of livestock farming, t he author 
speaks about t he fodder plants in t he moun-
tains of the t empera te zone and in t he tro-
pical lowlands, about the highly valuable al-
pine pastures, the major lucerne species 
grown in the lowlands, of the white clover, the 
melilot, the so-called k ikuyu grass, and of 
the local problems of Bermuda grass. As for 
the cat t le branch, t h e author stresses t he 
importance of using t h e Jersey-, Guernsey-, 
Holstein-Frisian, the dairy-type Criollo, t he 
Charolais-, Jamaica-, red poll- etc. breeds, as 
well as the zebu species for crossing. Li t t le 
reference is made to sheep-, goat- and pou l t ry 
farming in this chapter . 
Chapter 15 (M. Adamowicz) presents the 
s i tuat ion of livestock farming in Eas t e rn 
Europe. The characterization of l ivestock 
farming in the European socialist countries 
is very poor. The results and trends of milk 
and egg production in these countries between 
1950 and 1974 are indicated in tables . 
Somewhat more par t iculars are given of the 
cat t le and sheep branch . The si tuat ion of 
pig farming is almost completely ignored and 
no information appears on poultry keeping. 
Comparisons are d rawn between the coun-
tries for the major methods of s ta te- and 
cooperative livestock farming, though un-
for tunate ly only on t h e basis of 1975 da ta . 
Chapter 16 (R. E . Hodgson) details the 
animal production sys tems of the United 
Sta tes and Canada. A f t e r a historical review 
the registration system and breeding control 
are discussed. In format ion is provided of 
the co-operation of administrative organs, 
animal breeding organizations, universi ty 
and research inst i tutes in developing the 
systems of animal production. The au thor 
analyses the difficulties of a market oriented 
animal production u n d e r the highly f luc tua-
t ing economic conditions of the capital is t 
countries. Tables i l lustrate how working 
hours required to produce unit quanti t ies of 
animal product in t h e United Sta tes de-
creased between the periods 1910 to 1914, 
and 1971 to 1973. Labor t ime shrank near ly 
to one-third in beef porduction, almost to a 
quar te r in pork product ion, and to less t h a n 
one-sixth in milk a n d egg production be-
tween the two periods mentioned. Product ion 
of uni t amounts of t u rkey - and broiler chick-
en required one-thir t ie th of the working 
hours in the latter period from t h a t of six 
decades earlier. 
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Chapter 17 (C. Thomsen) deals with 
livestock farming in Western Europe . This 
region that enjoys the benefits of t h e temper-
ate zone shows a rather wide geographical 
variation. The mountainous conditions of 
Norway are diff icult to compare t o those of 
Holland or France. In the section on eco-
nomic history t h e role of Romans, Germans, 
Vikings and of the migratory peoples in 
introducing and acclimatizing t h e various 
animal species is explained by t h e author. A 
table indicates t h e volume and distribution 
of animal products in Western European 
countries in comparison to their products of 
plant origin. The well-known E u r o p e a n cul-
tured breeds are bu t briefly ment ioned. The 
author discusses t he influence of socio-eco-
nomic factors (consumer's d e m a n d , state 
control, social circumstances) on t h e produc-
tion of animal products , and f ina l ly outlines 
t he future perspectives for the development 
of animal production systems in Western 
Europe. 
Chapter 18 (L. J . Peel) is wri t ten on 
livestock farming in Australia, New-Zealand 
and South Africa. After the historical section 
the author only deals with the questions of 
cattle- and sheep farming in t h e region. He 
describes the importance and ef fec t of intro-
ducing the Hereford, Ayshire, Jersey and 
Frisian cattle breeds in the one-t ime — most-
ly English — colonies. In the development of 
the present s t ruc ture of sheep breeding the 
author emphasizes f irst of all the role of many 
merino breeds and types in t roduced in the 
region. The chapter deals in detai l with the 
importance and effect of grasslands and graz-
ing in this vast region. 
Part III. Some major causes of recent 
changes taking place in the an imal produc-
t ion are set for th . 
Chapter 19 (B. Nestel) pe r ta ins to the 
development strategies. After analysing the 
intensive system of poultry keeping, the 
author suggests t h a t the peculiar production 
systems of Israel, Holland and Ind i a become 
modells for the development of milk produc-
tion. On the subject of beef-cattle farming 
he promotes the use of grasslands to extend 
the possibilities and importance of utilizing 
legume plants and the i r by-products. 
Chapter 20 (H. F . El-Issawi): Poul t ry 
production in the Near-East is described, 
namely 
(1) production based mostly on pr ivate 
initiation and influenced by the state 
only to a minor extent (Lebanon); 
(2) mostly s ta te controlled management 
with minor private part icipation 
(Egypt and I raq) ; 
(3) production sys tem launched by the 
state but t u r n e d over to the pr ivate 
sector for management (Ka ta r , 
Oman). 
Chapter 21. (Y. Kislev, M. Meisels and 
S. Amir) reports on dairy management in 
Israel . The main subjects are: agriculture, 
milk production before 1948; the methods of 
development since 1949; research and breed-
ing work; composition of milk as influenced 
by feeding methods; production technology 
and specialization; milk consumption; official 
control . 
Chapter 22 (W. J . Joosten and E . G. 
Kloosterman) deals wi th the system of live-
stock farming on t h e areas of Holland newly 
reclaimed from the sea and marshes. The 
m a j o r subjects are: t he Zuyder-lake plan; 
t he process of rec lamat ion; milk product ion 
on the polders; fodde r management; ani-
mal production sys tems; farmers' organiza-
t ions. 
Chapter 23 (B. Nestel) tells about the 
conditions and resul ts of buffalo-milk pro-
duct ion , and about t h e organization f rames 
of buffalo keeping in India. 
Chapter 24 (H. S. K. Nsubuga) details 
the conditions and development plans of cattle 
f a rming in South-Western Uganda. 
Chapter 25 (R. L. Burt) describes a new 
t y p e of grassland management and purpose-
ful utilization of papilionaceous fodder areas 
in tropical regions of Australia. 
Chapter 26 (M. J . Creek) deals wi th the 
s i tuat ion and development possibilities of 
beef production and mea t industry in Kenya . 
Chapter 27 (T. R . Preston) outlines new 
possibilities and me thods of feeding in the 
tropics, considering the relatively high ener-
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gy- and low protein contents of the tropical 
fodder crops. The utilization of N P N matters 
and by-products is necessary for the develop-
ment of ruminant maintenance. The reader 
learns of several practical feeding programmes 
for tropical conditions (cat.ie feeding based 
on grazing, fur ther on molasses-, sugar cane-, 
banana-, etc. consumption). 
Part IV. Offers insights into the fu ture . 
Chapter 28 (C. R. W. Spedding) relates 
to new matters of curiosity in livestock farm-
ing, with special at tention to increasing 
the efficiency of production. In the case of 
phytophagous domesticated mammals the 
author writes mainly of the possibilities of-
fered in keeping poultry and carnivorous 
mammals are also mentioned. 
The editor finally summarizes the major 
stat ions in the scientific careers of the authors 
who contributed to this publication. 
Recommandation. The book very usefully 
surveys the situation and development pos-
sibilities of livestock farming all over the 
world. The work is recommended first of all 
to those professionally engaged in education 
and research of animal breeding, feeding, 
ethology and ecology, in the organization of 
livestock farming, as well as to those who deal 
with questions of breeding policy and agricul-
tura l economics, and also with the problems 
of tropical farm management . 
I . H E R O L D 
Progress in Botany — Structural Botany, 
Physiology, Genetics, Taxonomy, Geobotany, 
Vol. 48. 
Editors: B E H N K E , H - D . , E S S E R , K . , K U B I T Z -
K I , K . , R U N G E , M . , Z I E G L E R , H . 
Springer Verlag, Berl in-Heidelberg-New 
York-London-Par is -Tokyo, pp. 443. Illus-
trations 16. 
The 6 sections of the volume contain 
contributions by 37 authors. The main sec-
tions are as follows: 
(A) Structural Botany, p. 1-55; 
(B) Physiology, p. 56-214; 
(C) Genetics, p. 215-265; 
(D) Taxonomy, p. 266-346; 
(E) Geobotany, p. 347-387; 
(F) Special Topics, 388-444. 
Each contribution is compiled on the basis 
of a vast number of scientific citation pro-
viding a broad as well as comprehensive 
review of the respective scientific domain. 
Section A contains chapters on General 
and molecular cytology, Cytology and mor-
phogenesis of the procaryotic cell, Cytosym-
biosis. 
Section В focuses on the physiological 
aspects of plants, i.e. P lant water relations; 
Mineral nutr i t ion sources of nutrients for 
land plants from outside the pedosphere; 
Photosynthesis, carbon metabolism: by day 
and night; Metabolism of organic N-com-
pounds; Regulation of sulfur metabolism in 
plants; Secondary plant substances: Mono-
terpenoid indole alkaloids; Growth: auxins 
and ethylene; Developmental physiology; 
Gravi- and phototropism of higher plants. 
Section С deals with important genetical 
aspects such as Replication; Recombination; 
Function of the genetic material; Extrakary-
otic inheritance; Phytopathology. 
Section D examines taxonomic questions 
of lower plants and contains four chapters: 
Systematics and evolution of the algae; 
Taxonomy and phylogeny of fungi; System-
atics of lichenized fungi; Systematics of the 
Pteridophytes. 
Section E. on Geobotany contains three 
contributions: The history of the flora and 
vegetation during the Quaternary; Vege-
tation Science; Ecological geobotany/auteco-
logy. 
Section F on special topics contains two 
reviews on physiological aspects: Xylem: 
structure and function; Symbiosen. 
The volume is an extremely rich source of 
information for all those interested in t h e 
latest achievements in botany. The nearly 
1000 items of the Plant name index and 
Subject index facilitate access to all ma jo r 
topics. Ail in all, the latest volume, No. 48, of 
Progress in Botany [Fortschrit te der Bota-
nik] is - t rue to the tradit ions of the Springer-
Verlag - an indispensable reference book of 
great value for botanical research. 
Á . M Á T H É 
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J O N A T H A N B R O W N : Agriculture in England 
(A survey of farming, 1870-1947) Manchester 
University Press, 1987 
The au thor analysed a large amount of 
literature and drew his conclusions with 
scientific thoroughness. He did not survey 
the British agriculture from an agrotechnical 
or zootechnical viewpoint, bu t from the eco-
nomical. Reading his book one can see how 
undulating this development had been, how 
it was exposed to the world market and 
world political situation. 
The research begins with the 1870's and 
deals with the period in England when the 
farmers began to use more up-to-date me-
thods. Roughly during a half century, they 
abandoned the single-crop corn growing, 
particularly because of the depressed wheat 
prices and the low yields. In lieu of this the 
grazing area increased and the pastures 
enlarged, f r om 12 million acres to over 15 
million acres. At the same t ime the acreage 
of wheat decreased almost by half: from 3 
million acres to 1.7 million acres. The feeding-
stuff cereals — especially barley and oats — 
gained in area or remained a t level. Parallel 
to this, t he sheep husbandry flourished, as 
the most profi table branch of breeding. There 
were, however, heavy sheep diseases in 1879 
and the ensuing years. Therefore the former 
stock of 23 million could never again be 
achieved. In 1914 only 17 million sheep re-
mained. 
Notwithstanding, the cat t le stock grew 
and the p lan t production became more va-
ried. Thus formerly often neglected potatoes 
were grown, along with more and more 
horticultural crops and frui ts . The well de-
veloped agricultural background had a strong 
significance for England during the First 
World War , although at t h a t t ime a great 
supply of food had to be imported. 
The world crisis during the 1920's harmed 
the entire country, including, of course, 
i ts agriculture. After the collapse of the 
Exchange in t he U.S.A. the si tuation quickly 
deteriorated and many farmers became bank-
rupt . Those who survived could not even 
pay the former wages. Strikes followed one-
another and the trade union movement strug-
gled desperately with the landowners. The 
balance was recovered only in the 1930's. 
Meanwhile some branches, such as the 
dairy production, were raised to a higher lev-
el and the poultry production grew. Curi-
ously, the poultry branch did not become an 
integral part of the farms, but expanded as a 
farm-independent activity. The productivity 
of agricultural labour also grew, although 
slowly. The level of 100 points labour pro-
ductivity of the yeras 1937/39 increased 
during 1944/45 to 109. 
Here the s tudy ends — which this review-
er considers a pity. I t would be of great 
interest to learn how English agriculture con-
tinued to develop afterwards, with special 
regard to the post-war period. 
The book, however, can suggest many 
useful thoughts for the Hungarian reader. 
Perhaps there is a stimulus, too, for under-
taking a similarly thorough research, as far 
as the agriculture of our country is concerned. 
A good opportuni ty exists today, while our 
current history reveals more objectively the 
background of past events, and while the 
development of our agriculture could be 
analysed by more pragmatic methods. 
The book presents a slight difficulty; 
since the author did not use identical meas-
ures, the reader has to work heavily to un-
derstand many comparisons. Apar t from this 
fac t a good lesson can be drawn from the 
general English t rends. 
Above all there are to be seen all of those 
difficulties tha t a " lef t alone" agriculture is 
obliged to defeat and how many gaps are to 
be bridged. All these contradictions are empha-
sized by the author , perhaps as an edifica-
t ion for the future . 
I . D I M É N Y 
T A R J Á N , G Á B O R : Everyday tradition. Mező-
gazdasági Kiadó, Budapest , 1984. 
This well-designed book of 17.5 (A5) for-
m a t satisfies every demand. The cover was 
designed by László Sziics. The six chapters 
discuss ethnographic questions and each of 
them gives simple and clear illustrations of 
their topics. 
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In the introductory chapter "Present and 
Future of Folklore" the author speaks of 
how man in a modern industrial society 
lias lost connection with the small commun-
ities and has become impersonal for the 
sake of prof i t . Attention has recently turned 
to the tr ibal and national t radi t ions in the 
hope t h a t t he old familiar atmosphere will 
return and continuity with the past will be 
restored. In Hungary interest in the disap-
pearing requisites of a peasant past began to 
increase in the 1970's. The fear of this loss of 
tradit ion led to the collecting of earthenware 
pots, embroideries, homespuns, and the learn-
ing of ancient crafts. Today it is no longer 
disputed t h a t our folklore holds values. 
The f i rs t chapter "The Table Laid by 
Na tu re" outlines the conditions under which 
the productive economy developed and re-
placed the less safe gathering economy. The 
detailed list of the foodstuffs collected, es-
pecially the description of leaves and flow-
ers used as medicine and of aromatic 
plants, impar t useful knowledge for today. 
The different methods of storage (desiccation, 
jam making, milk processing) are highly 
instructive; bread-baking, the forgotten 
methods of making drinks, the development 
and manufactur ing of tableware are very 
interesting items of reading. 
The second chapter " F r o m Head to 
Foot" contains the history costume, and 
describes the forms and manufacturing of 
leather clothing and shoes. In addition, we 
can read about the diversity of processing 
plant fibres and wool, and about the fashions 
of hairdressing and matters of personal hy-
giene. 
The thi rd chapter "The Space of Com-
muni ty" surveys the history of home building 
from the underground dwelling-places in the 
Arpadian age through the shack, hu t , tent , 
yurt , ear then house, etc. to the present cen-
tury 's village buildings. The reader is in-
formed of the furnishings of the living room, 
kitchen and larder and with their composi-
tion. 
The four th chapter "The All-Knowing 
H a n d " describes the techniques and tools 
once used for making fire, and working stone, 
metal and wood. The reader learns t h e "se-
c re t s " of basket-making and weaving, the 
facilities of land- and water communication 
and their development. We discover too how 
our ancestors made use of the forces of n a t u r e 
in operating ship-mills and windmills. 
The f i f th chapter "Life Under t h e Sun 
contains many interest ing pieces of informa-
tion on the ancient explanations of cosmol-
ogy meteorology. We learn how our an-
cestors predicted good weather, rain, drought , 
f ros t , etc. We are acquainted with the beliefs 
concerning the heavenly bodies and wi th the 
most ancient methods of chronometry. 
The sixth chapter "The Calendar" enu-
merates the major name-days ( f rom Ja -
nuary to December) and the tradit ions con-
nected with them. 
The book is concluded with a list of rele-
van t literary works. 
This extremely interesting book by Gábor 
Ta r j án is warmly recommended to everyone 
interested in the pas t and in the popular 
tradit ions, in the hope tha t it will help the 
reader to realize the importance of folklore. 
This will increase t he sense of communi ty 
ident i ty of interest, and mutual solidarity 
which may he one of our strongest suppor ts 
against estrangement. 
I . S Z A L A I 
Developments in Agricultural and Managed-
forest Ecology (Ed. : С. Barrigozi). Elsevier 
Science Publishers Amsterdam-Oxford—New 
York-Tokyo 1986. 
In 218 pages wi th 56 illustrations this 
book contains the material of 13 lectures 
delivered at a symposium in Rome f rom 
november 25 to 27, 1985. Briefly, the titles 
and contents of the lectures are as follows: 
D. Zohary (Jerusalem): Origin of agriculture 
and its distribution in the Old World. 
The author t races the distribution and 
cultural evolution of cereals and f ru i t species 
f rom 8000 ВС in Western Asia, Europe and 
Africa north of the Sahara. His s ta tements 
are based either ou studies of plant remains 
found during archeological excavations, or 
on his analysis on t he relationship between 
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currently cul t ivated plant species and their 
wild ancestors. J . R. Harlan (Urbana , I 11): 
Domestication of plantsv diffuse origin and 
distribution 
The author calls attention to a flexible 
interpretation of Vavilov's t heo ry of the 
centres of origin. He points out t h a t many 
cultivated species do not have well-definable 
centres of origin, while in a number of 
geographically separated places t h e y show 
equally high variabi l i ty, which t h e author 
considers a proof of the diffuse origin. 
M Hopf (Mainz): Archeological proofs of the 
distribution and utilization of some species 
belonging to the legumes 
Histological methods of ident i fying seri-
ously damaged leguminous seeds four to ten 
thousand years old are described, then 
detailed information is given of t h e distribu-
t ion and importance of 8 species. 
G. Kimber (Columbia, MO): Use of models 
in studying the evolution of alloploids 
After a theoretical and practical analysis 
of the applicability of models, 12 figures 
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in t he Triticum genus are shown. 
L. L. Cavalli and Sfroza (Stanford, CA): 
Influence of agriculture on the growth of the 
human population 
The spread of agriculture and the growth 
of h u m a n population, since the Neolithic 
Age, f i r s t in the Near East , then in Europe, 
are discussed. According to the author , the 
spread of agriculture is the result of a so-
called "cul tural" growth independent f rom 
the growth of human population. 
M. Feldman, G. Galili, and A. A. Levy 
(Rehovot) : Geneticand evolutionary aspects 
of the polyploidy of wheat. 
The phenomena of internal diploidization 
(inactivation) and gene dosis compensation 
(reduced gene expressivity) are shown on the 
model of alloploidy in wheat. The author 
produces evidence t h a t all this inner regula-
tion is not the result of a chance process 
(mutat ion) , but is controlled by many 
non-specific posttranscriptional factors. 
E. Otaviano (Milan), and D. L. Mulcahy 
(Amherst , MA): Gametophyte selection as an 
evolutionary factor in cultivated plants 
The author analyses the effect of game-
tophy te selectrion — and, within this, the 
effect of selection acting oil the pollen 
grain — together wi th and in comparison 
sporophyte selectrion, primarily with maize 
as a model. 
J . Brace (Manchester): DNA of cultivated 
plants and their wild relatives 
The author points out that the DNA of 
closely related plants m a y be very different 
bo th in quantity and in the arrangement of 
DNA sequences within the genome. While 
a t taching little evolutionary importance to 
the repetit ive DNA sections he consifers the 
s t ruc tura l rearrangement of chromosomes 
impor tan t together wi th the specific change 
of genes. 
I. Wahl and A. Segal (Tel Aviv): Evolution of 
host-parasite relationship in the natural 
indigenous population of wild barley and wild 
oat in Israel 
Through the na tu ra l relationship between 
the Avena sp. and Puccinia sp. and between 
the Hordeum sp. and Erisyphe sp. the author 
« 
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demonstrates the development of a ba anced 
polymorphism resulting from a mutua l 
selective pressure. 
E. Porceddu and D. Lafiandra (Viterbo): 
Origin and evolution of wheat 
Detailed data are presented on the origin 
of the AABBDD genomes and on the distri-
bution of species carrying these genomes. 
P. Hanel t (Gatersleben): Evolution of legumes 
and vegetables 
The evolution of cultivated plants is 
characterized by the example of species of 
minor importance: Lupinus sp., Vicia sp., 
Allium sp. and Raphanus sp. 
P. Spiegel Roy (Bet-Dagan): Domestication 
of fruit species 
The author shows the changes having 
taken place during the 6000 year domestica-
tion of the most impor tant frui t species. 
P . D 'Amato (Pisa): After a summary of the 
lectures delivered a t the symposium the 
au tho r provides his description of the 
spontaneous mutat ions tha t form the basis 
of evolution. 
P . M U Z I K 
S P A A R , D . , K E L I N H E M P E L , H . a n d F R I T Z S C H E , 
R.: Diagnose von Krankheiten und Beschädi-
gungen an Kulturpflanzen, Gemüse. Springer-
Verlag Berlin, Heidelberg, New York, Tokyo, 
1986. 
This 406-page volume of the series 
"Diagnosis of diseases and pests of cultivated 
p l a n t s " deals with the pests of vegetable 
crops. The book was published by the Sprin-
ger Publishing House and the authors ar 
members of Scientific Inst i tute in the German 
Democratic Republic. 
The book describes the pests of these 
vegetable crops: cabbage, radish, horse radish, 
peas, bean, tomato, paprika, egg-plant, 
cucumber , melon, vegetable marrow, spinach, 
red beet , chard, lettuce asparagus, black 
radish , onion, carrot, celery, parsley, rhubarb , 
and mushroom. 
The first part of the book is a key to 
pathogens and pests occuring on vegetable 
crops: and it assists in identifying them on 
the basis of symptoms observed on various 
plant parts . 
The second part of the book contains 
descriptions and pictures of the diseases and 
pests. Identification is made easier by 151 
coloured plates which present micro- and 
macroscopic drawings of the pathogens and 
pests in addition to the damages caused by 
them. Identification after the plates is 
fur ther facilitated by the representation of 
each vegetable species. 
Finally the scientific and German names 
of the pests are given. 
The book is recommended to those 
engaged in plant protection or cultivation. 
With its aid the damage can be identified, 
and with the cause of the damage known the 
method of control can be properly chosen. 
M . G L I T S 
S Z A B Ó , S . S . , R E G I U S - M Ő C S É N Y I , Á . , G Y Ő R I , 
D . and S Z E N T M I H Á L Y I , S . : Microelements in 
Agriculture. Essential Microelements. Mező-
gazdasági Kiadó, Budapest, 1987. 
This book provides information about the 
changes of the concentration of the various 
microelements occuring in food-chains, and 
about the factors influencing the microele-
ment migration, — transport and accumula-
tion. 
In the first chapter the definition of the 
conceps of microelement is determined. A new 
concept is introduced: the st imulative micro-
element. Examples given in the chapter 
mostly relate to animal organisms. A few 
pages devoted to the methods of determining 
microelements, though owing to its importance 
this question would have been discussed in 
greater detail, even at the expense of the 
other parts of the chapter. 
Chapters 2 to 7 are devoted to the 
essential microelements in the following 
order: Mn, Zn, Fe, Cu, Mo, B. Each chapter 
deals with its subject in the same way: the 
element concerned in the soil, in the plant, 
in animal products, and in foods. Spec al 
at tention is paid by the authors to the role 
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of the different microelements in p lan t 
physiology, to the e lement content of p lants 
and the factors act ing on it, and to the 
optimalization of the microelement s ta tus of 
plants . The chapters treating d i f fe ren t 
elements also deal wi th the role of the 
respective elements in the metabolism of 
animals, discuss t he element content of 
feedstuffs and the fac tors influencing it, 
analyse the microelement status and the 
production of animals. The element content 
sof foods are shown in tables. Each chapter 
is concluded with a short summary of the 
subject treated. 
In connection wi th the element contents 
of soils the authors discuss the quess on of 
availability and metnion the factors t h a t act 
on the biogenic circulation of the individual 
e lements . They call the researchers' a t ten t ion 
to t he importance of measuring the ion 
act ivi ty , since the ion concentration is 
practically a value of no use in such a complex 
system as the soil solution. I t should be noted 
t h a t in nutrient solution the decreasing 
act ivi ty in the case of Cu, Fe and Zn is 
demonstrably due to the presence of P 0 4 
which prevents the absorption of the ele-
ments on the surface. As for the heavy 
metals, their occurrence in an organic form 
is no negligible fac tor . Their up take by 
the cell is a question tha t remains to be 
cleared. 
P lan t physiology implications of the 
microelements are mentioned briefly, the 
element content of plants and the factors 
which influence it, as well as the optimaliza-
tion of the microelement status, are discussed 
in some detail. The chapters t ha t deal with 
the microelement requirements of animals 
and the ways of the microelement supply 
include the material in well demonstrated 
tables and — in addition — give a full list 
of the relevant literature. 
Chapter 8 discusses the opt imum supply 
of microelements in regard to both plants and 
animals. Suggestions are made on how to 
replace and supplement the microelements. 
The microelement contents of foods in 
Hungary are shown in a table. 
The book concludes with a terminological 
vocabulary and a bibliography. The litera-
ture is divided in three parts; one for the 
Hungarian-, one for the Russian citations, 
and one for those in other languages. 
We hope tha t this book will call the 
readers ' at tention to the complexity of the 
question of microelement status, as well as to 
the dangers of microelement deficiency and — 
overapplication. 
E D I T C S E H 
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